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TIIF: II\TEBNATIO\,AL SCJl~ I\CF: FOlJNDATION BIlAINPo\\EB Fonm! 
Shortly after thl' Intl'rndtionJI Science Foundation's project to inventory the scientific 
resuurce s of s e lectpd metropolitan areas had Leen successfully initiated, several of the 
Foundation's memhers sU/!:f!:l'sted that a conference series be established which would fucus 
aLll'ntion on one of the re s ources eov(' rC'd in the inventories--the resource of scientific manpowcr. 
,\ccurdingly, the Ilr'air'l,o \\ e rForum was established as an industry-education-government 
forum which had the objectivl' of Lringing togethcr representatives of ISF's members in these 
three categories forthe purpose of d e veloping policyon comlllon problems in the area of scientific 
manpower. One of th(· Found,ltion's military lIlemuers, the C. S. i\aval Postgraduate School, 
offe re d its facilities to the Forulll, and the first cunference in the sprres was held in \lonterey. 
Octouer 24-25, 1950. 
The 19S1) confer e nc e s e rv e d to highlight the fact that we arc nut effectively utilizing the 
s cientific manpower available to liS . \t the close of the conference thl' ForulTl participants recom-
lTlended that the International Science Foundation initiate an experimental program in the area of 
scientific manpo\\ er and undertakC' the c stablisllment of four tyres of science ccnters which would 
provide unique services designed to increase the productivity of the scientists and enginpers 
utilizing the facilitips of the centers. The first of these experimental centers. a l~O-acre planned 
comlllllllity for research and development groups. \\as established in Sunnyvale, California, in 1959. 
The second conference in the Ilrainl'o\\er Forllm series, \\hich was held in 'lonterey, 
August f)-fl, 195fl, gave consideration to the gains that might be realized by giving more recog-
nition to, and making better utilization of, retired 01' senior professional manpower. Hesolutions 
pertaining to the necessity for revision of the certification procedures for California teachers to 
permit utili7ation of retired military officers or retired executives, engineers, and scientists were 
endorsed by the corpurate participants of the Furum and forwarded to the Governor of California. 
Projects w('re later initiate,/ by sever.d nlembers of tlte International Science Foundation to 
provide for better IItilization of senior scientists and engineers in their own organizations. 
The problem area considered by tltp 1960 conference of the Brainpower Forum--higher 
education for professional employees in industry and guvcrnment--was suggested by representa-
tives of five of tlte Foundation's members: Lockh"ed Aircraft Corporation, U. S. Army Ordnance 
\Iissile Command, the University of California, General Electric Company, and Hughes Aircraft 
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AREAS OF CONCERN 
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A. Selection and placement of participants 
8. Remuneration of participants 
C. Professional development of participants; job assignments and productivity 
D. Research opportunities for thesis 
E. Post-program recognition for student 
F. Financing research 
G. Patent rights 
IV. Role of university 
A. Resistance to part-time graduate study 
8. Support of added costs for staff, equipment, and facilities 
C. Performance standards 
D. Use of graduate study programs In recruitment 
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The third conference in the International Science Foundation's Brain-
power Forum series considered the individual and cooperative roles of 
industry, the universities, and government with regard to furthering the 
development, productivity, and utilization of scientists and engineers through 
graduate study. 










1. Too much emphasis should not be placed on technical education 
alone. Even in our science-oriented world, decision-makers need a broader 
outlook as a background for their decisions. Industry and government should 
recognize that theirs is the responsibility for specific training. This job-
focused need may be met by in-house courses taught by in-house competence, 
by university faculty on retainer agreements, or by returning employees to 
universities for specific courses and/or further education under a variety of 
industry- sponsored programs. 
2. It is de sirable that graduate education be pur sued in a full- time, 
in- residence manner, especially during the doctoral work and dissertation. 
Industry, government, and universities should work more effectively to 
accomplish such a goal, commensurate with industry's and government's needs. 
3. The whole question of university support should be examined more 
intensively, particularly with respect to private vs. public support and the 
implications of each. 
4. Universities, industry, and government need to be more concerned 
with the proper foundation of investment in education. More vigorous definitions 
in terms of finance and accountancy are needed (better orientation for those 
concerned with financial decisions may be part of the problem). 
1 
5. On an experimental basis, the International Science Foundation 
should sponsor an advisory graduate study and training council in some test 
area, such as Santa Clara County, California. The work of the council would 
be to (a) aid and counsel smaller industries who have a need for graduate study 
programs but who lack guidance in the matter; (b) interact with universities 
and colleges in the area, making known industry's needs and helping to match 
programs with needs; (c) cooperate and interact with the Relations with 
Industry Committee of the Alnerican Society for Engineering Education where 
th e activities of the two groups overlap. 
6. The amount of every grant or fellowship should be raised to take 
account of today's costs and to reflect the higher proportion of married 
students and their financial responsibilities. The status of fellowships should 
































Illustrated Lecture - "Antarctica Revisited" 

















































































Christian de Guigne 
Chairman, Board of Governors 
(not recorded) 
7 
Welcom.e to the Postgraduate School --

























Mr. de Guigne: It is now my pleasure to introduce Rear Admiral 
Earl E. Stone, who will give us a summary of previous Brainpower Forum 
conferences. 
Admiral Stone: Today my assignment is to summarize what was said 
and accomplished at the two previous Brainpower Forum conferences. The 
first was held in 1956 and the second, in 1958. 
Since the continuation of the upward trend of our economy is dependent 
upon increased development of our most important scientific resource, 
"brainpower," the underlying purpose of the first conference in 1956 was to 
explore ways and means of overcoming our apparent shortage of scientific 
manpower and to bring out any hidden source s of brainpower. 
There were several very enlightening presentations at that conference 
and many of the conferee s participated in the panel discus sions. There seemed 
to be almost complete concurrence at this conference that the root of scientific 
manpower shortage lay in our secondary schools, where the seeds of scientific 
and technical interest can be planted and nurtured and where the choice of a 
career is so often made. The shortage of well qualified secondary school 
science and mathematics teachers was recognized as a great weakness. During 
the conference, Dr. Wernher von Braun recommended that the teaching of 
science and mathematics in our secondary schools be revitalized. He pointed 
out the need to attract many more young people, both men and women, into 
scientific work, and he recommended that we back youth with incentives rather 
than directives. He also pointed out the help that might be obtained from 
trained older people who are often most reluctant to be wholly retired. He 
advocated thousands of scholarships for needy, bright high school graduates. 
At the conclusion of the presentations and panel discussions, a special 
committee, headed by Admiral Spruance, drew up an eleven-point program of 
recommendations. I'm happy to say that considerable work has been done on 
this program, although much still remains to be done. Briefly, this program 
called for the following: 
9 
Greater use of retired, qualified personnel in assisting in research 
and development. 
Completion of a census of retired scientists, engineers, and teachers. 
Overcoming the teacher shortage by using qualified retired personnel. 
J 
Providing greater incentives to attract young people to teaching J 
scientific and technical work and to retain them. 
Financial assistance for promising needy students and their research 
p r ojects. 
Flexibility in educational systems to provide opportunities for excep-
tional students to be challenged to the full extent of their ability. 
More efficient employment of the relatively few highly qualified 
scientific and technical personnel now available by providing these people 
with more administrative assistants and technicians. 
D 
Exchange of school teachers with industry and government personnel J 
who are qualified to teach. 
So much for the first conference of 1956. The second conference was 
held in August of 1958. Again, many distinguished speakers presented their 
ideas concerning scientific manpower and what could and should be done about 
it. And, again, there were interesting panel discussions. I shall give you some 
of the highlights and the resulting recommendations. 
Dr. Howard Bevis spoke on "America's Human Resources to Meet 
the Scientific Challenge." Dr. Bevis said in part: "Marshalling America's 
human resources to meet the scientific challenge is unquestionably our most 
important task. It is a task on which we have barely begun. And, in this task, 
every day of delay and every step taken hal£-heartedly represents an irrevo-
cable los s to our ability to meet and profit from that challenge." He said 
further, "Our standard o£living as well as our population has risen. Obviously, 
if we are going to continue to maintain our standard of living with the great 
rise in population and with our diminishing store of natural resources, there 











also quoted from a talk given in Washington by the U.S. Commissioner of 
Education, Dr. L. G. Derthick who had just returned from a tour of the 
U.S.S.R. Dr. Derthick was in the Soviet Union particularly to take a look at 
their schools, and he reported: "We were simply not prepared for the degree 
1 to which the U.S.S.R. as a nation is committed to education as a means of 




Biology, chemistry, physics, and astronomy are required of every pupil 
regardless of his individual interests or aspirations." 
Another speaker at that conference was Dr. Joel Hildebrand of the 
University of California. He discussed "The Critical Element in our Brain-
power Picture- - Quality, not Quantity." Among the remarks that he made were 
the following: "The best way to try to predict success in any activity is to see 
how the individual performs in that activity andnot in some other. The person o best able to find out whether a lad is capable of becoming a mathematician is 
not an educator who has studied testing but a teacher who understands mathe-
o 
o 
matical reasoning and who knows how to make that sort of activity exciting. 
The only good way to tell whether a college undergraduate has the makings of 
a research scientist is to give him a piece of research to do, not examinations 
for which to plug."He said further, "Ayouth who may have potential creativity 
will be forever lost to society if he is not confronted with the necessary 
challenge and the opportunity to develop his talents." 
Dr. Edward N. Saveth spoke on "The Utilization of Older Scientists 
and Engineers." He presented many enlightening statistics and facts, and he 
discussed particularly the problems facing management relative to mandatory 
retirement of employees at age 65. This adversely affects many scientists and o researchers who are still able and willing to work. A few of these become 
consultants, some become teachers, mostly at the college level, but many who 
r 1 J could still contribute effectively are not employed. The problem seems to be 
J 
J 
to bring these able, retired people in contact with job openings. The establish-
ment of an agency to do this, together with pre- retirement counseling, appears 
to be essential for maximum utilization of retiring scientists, engineers, and 
mathematicians.' , 
11 
Another speaker was Dr. J. Whitney Bunting, Educational Consultant 
of the General Electric Company and formerly president of Oglethorpe 
University, who reported on research undertaken by GE. These are excerpts 
from Dr. Bunting's remarks: "You are all aware of the critical shortage of 
good faculty talent in many ofthe academic disciplines. Ever since the flight of 
the first Sputnik, our press has reported on the serious problems of education, 
with faculty development considered to be extremely serious. Moreover, in a 
recent study of our own published under the title 'Higher Education- - a 20- Year 
Look Ahead,' the views of over 100 leading educators were tabulated. The 
results indicated that faculty development and retention was one of the greatest 
problems in college and university administration, and this problem will be 
grave for many years to come." Dr. Bunting continued: "We know it will be 
impossible to fill our academic needs by reliance upon past teacher-production 
techniques. It is this dilemma that occasioned our interest in the possible use 
of retired industrial personnel in the academic area .... The fact that many of 
our people live beyond 65 years of age has created a growing and somewhat 
restive group of educated, talented people released by industry, yet having the 
vigor and the will that make them extremely valuable to sociP.ty if the proper 
post- retirement career can be found for them. In many cases, industries offer 
a permissible early retirement program at age 60 with a modest reduction in 
pension benefits. This group of persons, growing in number annually, has 
many of the experiences considered essential to the academic world both in 
the area of instruction and in business management and administration." 
Dr. Bunting further reported on the results of solicited opinions of many 
college educators. More than 900/0 of this group indicated positive interest in 
the use of older retired company and military personnel to aid in alleviating 
the teacher shortage at both the college and secondary school levels. He said, 
"In spite of the whole-hearted approval, however, ofthe general idea, it would 
be wrong to assume that there would be no difficulties encountered in imple-
menting such a program. However, if properly undertaken, most of the 
problems could be cured before the program begins." 
Another speaker was Dr. Robert C. Miller, who st~ted: "That the 




















threatens to become more acute with each pas sing year is too well known to 
require any comment from me. Less well known, or at least less emphasized, 
is the fact that this shortage oft rained scientific personnel is acute throughout 
the entire Western World. Great Britain, for example, is just as badly off as 
we are. Fortunately, widespread awareness of the situation is rapidly 
engendering steps to correct it." Dr. Miller continued: "Our immediate 
problem is not the shortage of scientific manpower seven or ten years hence, 
but the shortage that exists right now. Howare we going to cope with it today? 
The obvious answer and, indeed, the only answer is to use the existing supply 
of scientific manpower more effectively. Dr. Saveth mentioned the fact that 
not enough is being done to bring job and retired scientists and engineers 
together. He admitted this was easier said than done, but that there are, in 
fact, some practical approaches to this problem. One of these is exemplified 
by the program of the Cooperative Research Institute which was organized 
In 1950 for the express purpose of effectively utilizing what was believed to 
be an untapped reservoir of ideas, ability, experience, and know-how. The 
program of the Cooperative Research Institute is based on two fundamental 
concepts relating to supply and demand for technical services. First, in 
industry, universities, research organizations, and in retirement, there is a 
vast reservoir of highly skilled professional personnel with time and ability 
to aid in the solution of complex and diversified problems which face our 
civilization. This reservoir is composed of individuals who would welcome an 
opportunity to improve their professional usefulness and to supplement their 
income by engaging either in extracurricular research activity or in full-time 
projects for which they might obtain leave of absence from regular duties. 
There is great need in industry, in government, and in other activities for 
the services of top-quality professional personnel as consultants and for the 
performance of team research projects. Many projects have been carried out 
by the Cooperative Research Institute utilizing members on a part-time or 
extracurricular basis. From the viewpoint of the client, the cooperative plan 
offers the highest quality of talent to solve special problems with the absolute 
minimum of overhead and with no burden for unused time." 
Another distinguished speaker at the 1958 conference was Dr. Henry n 
David of Columbia University. In part, he said: "If we are concerned with the 
production of brainpower, we must recognize that this, like other efforts by J 
society to increase the output of goods and services, raises questions about 
the allocation of scarce resources. It would be agreeable to believe that the J 
resources required to produce more people of high ability capable of high 
performance are much greater than they are in fact. True, we are not making 
full use of the resources which are available for this purpose. But the first 
point of reference is, nevertheless, that we have to make do with relatively 
scarce resources. That is, the means at our disposal for attaining the goal of 
enhancing our resources of brainpower are always likely to be more limited 
than we would like them to be." Dr. David continued: "How large a group are 
we talking about? In a strict sense, we do not know. If it is the very top group 
in terms of the characteristics I mentioned, it must be a very limited group. 
Thus, according to the Office of Education, the top 20/0 of the school age 
youngsters represents, in terms of ability, a group of about 3/4 of a million 
people. I think, however, we are concerned with a much larger proportion of 
the population, the top 15%-20%, who, because of their ability, warrant the 
investment in education and training necessary to prepare them for functions 
and activities which fall to a relatively small number of people in society who 
are capable of high performance." Dr. David further stated: "Dr. Saveth 
indicated how modest is the national reservoir of retired scientists and 
engineers upon which we might draw in times of acute need. Yet it is also true 
that the shortage of any particular firm or research laboratory might be 
effectively relieved if only one or two individuals could be recaptured from 
the reservoir of the older personnel. I've heard Dr. Lee DuBridge emphasize 
how critical a shortage of one or two key people can be. In brief, my contention 
is that we have not yet found out what systems of incentives, rewards, status, 
and prestige make sense in relation to the nation's needs for brainpower." 
After an evaluation of the Forum presentations and discussion, a 
seven-point program was drawn up and approved by the International Science 














1. In the interest of maximum utilization of our available scientific 
manpower and of helping to relieve the shortage of teachers in our public 
schools, the use of qualified retiredpersonnelfromindustry, universities, and 
the military services should be expedited in every way possible. As it is 
assumed that these potential teachers will have above-average training in 
subject matter fields but may lack the courses in education required to obtain 
a teaching certificate, a reappraisal of our present policies with regard to the 
certification of teachers should be made. 
2. Immediate support should be given to programs which will better 
define our resources in the field of senior manpower in order that we may 
avoid making policy decisions based upon the extremely limited data presently 
available. 
3. The International Science Foundation should encourage its corpo-
rate members to investigate the availability of retired personnel for service in o our educational institutions and, if necessary, help them to pool their interests 
and develop cooperative programs to inventory and evaluate their senior D scientific manpower resources. The project ofthis type that has been sponsored 




International Science Foundation, as pre- retirement planning for post- retire-
ment career is much needed if we are to achieve effective utilization of 
senior scientists and engineers. 
4. Research projects which provide part-time opportunities for 
retired scientists and engineers should be encouraged by government and 
industry. Projects sponsored by the Cooperative Research Institute are cited 
as an example of this type of activity. 
5. The International Science Foundation program of establishing 
reception centers for visiting scientists in major U.S. metropolitan areas and 
developing at these centers activities of interest to retired scientists and 
engineers should be accelerated and given all possible support by U. S. 
industry, U. S. foundations, and U. S. government agencie s. 
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6. More attention should be given to studies of research organization J 
and facilities design as related to the utilization of scientists and engineers. 
The development of service facilities in close proximity to laboratories should 
be encouraged and, if possible, the International Science Foundation should 
sponsor a pilot program to establish a number of experimental science 
centers. By evolving new types of service facilities, these centers could point 
the way toward more efficient utilization of our present supply of scientific 
manpower through provision of adequate and efficient service facilities. 
7. The International Science Foundation should obtain support for a 
pilot project in one of its experimental science centers which would create 
the living and working environment needed to insure that scientists and 
engineers might continue their professional work after retirement, if they so 
desire. 
In concluding my remarks, let me say that I was very much impressed, 
upon rereading the proceedings of the two previous meetings, both with the 
wisdom and the foresight of the many distinguished speakers and with the 
knowledge and the logic which the panel members displayed. I was also 
impressed, and I may say amused, by the intelligence and the good humor 
expressed by Mr. Joseph S. Thompson. I think he was the one who was 
responsible for keeping the previous conferences on an even keel, so to speak, 
and he did an outstanding job. These conferences could not have been so 
succe s sful without the cooperation of a great many interested people. Particular 
credit is due to Mr. Christian de Guigne, Admiral Raymond Spruance, 
Mr. Richard S. Rheem, and the President of the International Science 
Foundation, Mr. Robert L. Champion. 
Mr. de Guigne: Thank you, Admiral Stone. I now have the pleasure of 
introducing Dr. Frederick E. Terman, the Provost of Stanford University, who 
will speak on "The Growth of Science in Industry." 
Dr. Terman: My remarks will be directed to the relation between 
education and growth industries. By growth industries, I am referring to such 



























These industries are products of a sophisticated science and technology, and 
they live close to the frontiers of knowledge. The growth of such industries 
is, in the main, a result of new products made possible by recent developments 
in science and technology. 
In this situation, education, and also educational institutions, have 
special importance. Industries doing creative work in the application of new 
discoveries in science and technology require disproportionately large numbers 
of highly trained individuals whose formal education has extended beyond a 
bachelor's degree. This training is required to understand the complicated 
processes and devices involved, to make contributions to their continued 
improvement, and to create new devices and new products. As a result, new 
values have been placed by industry on the man with advanced training in 
science and technology. Today industry is hungry for men with master's and 
Ph.D. degrees in such fields as mathematics, physics, statistics, engineering, 
chemistry, biochemistry, metallurgy, etc. The extentofthishunger is indicated 
by a willingness to pay starting salaries that often run as high as $12,000 
per year for young Ph.D.' s with good academic records but no industrial 
experience and the requirement of at least a master's degree as a minimum 
for consideration for many types of positions. This is in contrast with the 
situation that existed before World War II when industry, except for chemical 
and pharmaceutical companies, did not regard graduate training as worth 
much of a premium in the market place. 
A lot has been said about the shortage of engineers and scientists, 
but, when demand is balanced against supply, the shortage becomes progres-
sively greater the higher the level of training with which one is dealing. Many 
employers today who seek men with a doctor's degree are forced to settle for 
men holding a master's degree because that is the best they can get, or settle 
for men with a bachelor's degree when what they desired was master's 
training. This downgrading in qualifications of new employees below the 
desired level lowers the effectiveness with which a company can operate. As 
a result, the success of a company ina growth field is determined in no small 
measure by its ability to recruit an adequate supply of good men with the 
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desired training. This recruiting must be done in competition with other 
companies having similar needs and in a market where the supply of capable 
men with the desired training is grossly inadequate to meet the total needs of 
all. 
Industry is becoming increasingly aware that, for those activities that 
involve a high level of creativity of a scientific and technological character, 
location near an educational institution is more advantageous than location 
near markets, raw material, transportation, or factory labor. This is in part 
because universities are the source of the highly trained young men who 
represent the most important raw material going into creative work, and the 
company on the spot tends to obtain the best selection of this output. In 
addition, the faculty in the science and engineering departments of a good 
university provides a panel of experts possessing a wide range of highly 
developed skills available on a consulting basis to aid industry with its 
problems; moreover, such consultants can be obtained under financial 
arrangements that permit even small companies to have access to services 
that they could not possibly afford on a full-time basis. Another factor that 
makes a university neighbor attractive is that strong universities through 
their research activities are sources of ideas; some of these ideas can be 
com.m.ercially exploited directly by industry, while others contribute to under-
standing that stimulates invention and innovation. Another attractive aspect of 
having a university in the community is that it can provide educational 
opportunities whereby bright young men with goodabilitybut inadequate train-
ing car be upgraded and whereby all can be kept abreast of new scientific 
developments and technological changes. Finally, in a very real but intangible 
manner, a good university provides an atmosphere that stimulates creativity 
and that makes a community attractive to scientifically-minded individuals. 
The importance of a university to growth activities can be illustrated 
by several specific examples. The Boston area may be stagnant in many 
respects, but it is one of the liveliest places in the country for growth 
industries that are based on a rapidly advancing science and technology. This 
is easily traceable to the fact that the Mas sachusetts Institute of Technology 





















In a similar manner, there is alarge concentration of growth industries 
on the San Francisco Peninsula, beginning with San Bruno and ending with 
San Jose. It is not an accident that Stanford University is in the center of 
gravity of this entire complex. Stanford has a vigorous engineering program 
and a strong activity in science. It trains more engineers at graduate level 
than any other school in the West. In electronics, which is so heavily repre-
sented on the San Francisco Peninsula, Stanford trains more men with doctor's 
degrees than any other school in the country, not even excepting MIT. 
Similar university-centered concentrations are developing elsewhere. 
Thus, a second center for growth industries is beginning to develop around 
San Francisco Bay in the Berkeley- Concord- Walnut Creek- Livermore area; 
this is obviously associated intellectually with the University of California. 
Again, the California Institute of Technology has provided the stimulus for a 
num.ber of successful growth companies such as Beckman Instruments and 
Consolidated Electrodynamic s. 
In cases where growth industries happen to be located in an area 
that does not have educational opportunities, they find this lack a definite 
handicap and often make strenuous efforts to remedy the situ.ation. An example 
is the Bell Telephone Laboratories, which is located in a New Jersey com-
muter area that offers no educational facilities. This led the Bell Telephone 
Laboratories to develop a graduate training program in science and technology 
for its own employees that is a bona fide program of instruction of college 
type given during the regular working hours with attendance in class being on 
company time. This operation functions as a branch campus of New York C University and is entirely financed by the Bell Telephone Laboratories. The 







credit, and lead to an advanced degree at New York University. 
Other industrially sponsored centers, to mention just a few, include 
one at Hartford, Connecticut, sponsored by United Aircraft in cooperation with 
Rensselaer Polytechnic Institute ; a cooperative program between IBM and 
Syracuse under which training is offered at various IBM plants in upper 
New York State; the graduate study center at Hanford, Washington, now 
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operated by the University of Washington at which nearly 100 courses are 
being offered for the benefit of employees of the Atomic Energy installations 
in the Hanford area. The complete list would be a long one. 
In other cases, growth industries have taken the initiative in encour-
aging - - and in some cases even pressuring - - local educational institutions 
to develop in directions that would serve a science- oriented neighbor. For 
example, at Phoenix, Arizona, local electronics industries have induced the 
Arizona state legislature to establish an engineering science program at 
Arizona State College. At San Diego, the University of California plans to 
convert the Scripps Institute of Oceanography into a more general school of 
applied and pure science, largely as a result of pressure from local industry. 







oriented industry. I would like now to make some remarks on education at the L 
graduate level in general, and graduate training programs in particular, keeping 
in mind that such matters are of vital concern to science-oriented industries [ 
because of the importance of graduate education to these industries. 
First, as to the teachers for a graduate program -- the best graduate 
programs are those based on professional teachers working in a creative 
environment such that the teachers are either doing research themselves or 
work closely with those who are. Harvard, California Institute of Technology, 
MIT, the University of California at Berkeley, and Stanford are examples of 
schools that operate in this way in engineering and science. 
A good graduate program is not built up on part-time teachers. 
Auxiliary staff comprising men who hold full- time positions in industry and do 
supplementary teaching are useful in spot situations, but one cannot have a 
strong graduate program based on teachers whose primary interest, activities, 
responsibilities, and loyalties are off campus. 
Next, as to students- - and here I am talking about degree programs 
and not extension or so- called "adult education" activities - - the most satis-
factory way in which to carryon graduate work is for the student to be full-




























although, in general, at least half- time should be devoted to organized study; 
the rest of the student's time can be taken up by such duties as research 
assistant, teaching assistant, laboratory assistant, or other part-time activity 
relating to the campus. The important point is to have the student on the 
campus on a full-time basis under circumstances where learning has first 
priority and where other duties are supplementary and, hopefully, also possess 
educational value. 
Full-time on- campus students doing graduate work normally require 
some financial assistance. This may be in the form of teaching, research, or 
laboratory assistantships, or fellowships, or jobs that relate to the university 
activity such as building apparatus, clerical assistance, etc. 
An alternative to the full-time, on- campus approach is the work- study 
program, in which the student supports himself by a regular off- campus 
industrial job and goes to school on a part-time basis, usually in the evening. 
The least satisfactory form of work- study program is that in which the 
student has a full-time industrial job and then attempts to go to school one or 
two evenings per week. This arrangement has the disadvantage, first, that 
100% of the academic work is overtime activity so that the student typically 
does his academic work when fatigued and, second, that the time required to 
obtain an advanced degree by such a method is very long, typically four to 
five years for a master's degree that could be obtained in nine months by a 
student holding a fellowship. One must necessarily admire the durability and 
the guts of the student who completes such a program, but, from an educa-
tional point of view, it can be justified only because half a loaf is better than 
none at all. Unfortunately, this type of graduate education is very prevalent 
in many of our larger cities. 
A better approach to the work- study program is where the student 
works only part-time, typically 50% to 800/0 time, and then carries from one-
half to one-third of a normal full-time academic load. Such an arrangement 
has the advantage, first, that the academic work is at worst only a moderate 
overload and, second, that the student can complete a master's degree program 
in from two to three school-years. Organized work- study programs of this 
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latter type having company sponsorship have been developed in both Northern [ 
and Southern California. The Southern California pattern was originated by 
Hughes Aircraft and has now also been adopted by others. It involves half-time 
work for the company during the school year and full-time in the summer, 
combined with a half-time academic program during the school year. The 
participants enter the program under company sponsorship, and their fees 
are paid by their employer. They obtain a master's degree in two school years. 
In Northern California, Stanford has developed a work- study program 
on a somewhat different pattern which takes advantage of the fact that there 
are a large number of growth industries within easy commuting distance of 
Stanford. Under the Honors Cooperative Program, as this arrangement is 
called, students under company sponsorship take part-time work at Stanford --
typically a 400/0 academic load. They attend regular daytime classes along with 
the full-time on-campus students and are given time off from their jobs by 
their employer to sit in class. They usually receive a full-time salary, or at 
least not less than 3/4 of a full-time salary. The master's degree can be 
obtained in two calendar years including summers, or less than three school 
years if the summers are not used. 
Still another approach to graduate education is the plan whereby 
students alternate full-time assignments in industry with periods of full-time 
study. Here the student participants are not regular continuing employees of 





operated successful programs of this type in electrical and chemical engineer- [ 
ing for about forty years. However, this pattern as applied to graduate work 
has not spread widely, though it is a common one for undergraduate students, 
being followed by Cincinnati, Northwestern, Northeastern, and others. 
Much of what has been said, or impliedas desirable, regarding faculty 
and students in a graduate program can be summarized by stating that the best 
graduate programs are campus- centered, both with respect to the activities of 
the teachers and the activities of the students. As a consequence, most of the 
top schools in the country, as for example MIT, Cal Tech, and Harvard will 























extreme, there are cities where a large part of the graduate work in engineer-
ing and science is taught by part- time or auxiliary faculty to night school 
students. The situation is particularly bad in this regard in New York City 
where almost all of the graduate students studying engineering at Colum.bia, 
Brooklyn Polytechnic Institute, New York University, and the other schools 
in the greater New York metropolitan area hold full-time jobs and do their 
academic work in night classes. A high proportion of the teachers in the 
New York area are, moreover, auxiliary staff who come and go, while the 
same students stay on at the school term after term and year after year. 
This arrangement has been described as consisting of professional students 
and amateur professors. The situation in Los Angeles is considerably better 
in that, although perhaps too much of the instruction is taught by auxiliary 
faculty, there is a substantial component of the student body that works less 
than a 40-hour week while going to school. However, in the Los Angeles area, 
there is no school except the California Institute of Technology which has a 
graduate program in engineering that is truly campus- centered. 
At Stanford, a compromise between the work- study and full- time, 
on-campus ideal has been worked out that makes it possible to provide a 
full-time, on- campus type of training for those who are receiving their support 
from an industrial job without, at the same time, compromising the integrity 
of the program for the full-time, on-campus students. This has been possible 
because of the special circumstance that the commuting time between Stanford 
and the place of employment is usually small, typically 10 to 25 minutes. As 
a result, it has been possible to open up our regular daytime courses to a 
limited number of students following a work- study program. The latter thus 
sit in classes alongside the on- campus students. In order to insure that the 
class standards and atmosphere are controlled by the on- campus students, 
the number of off-campus students is limited so that, in a typical class, there 
will always be at least two regular full-time, on- campus students for each 
off-campus student. The off-campus students thus participate in and obtain the 
benefits of a bona fide on- campus program, taught by the regular faculty and 
oriented to the full- time student. 
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Graduate programs must be adequately financed if they are to serve 
science-oriented industry adequately. This means that faculty salaries must 
be sufficient to attract and hold first-class men. It also means that the 
teaching load must be light enough to permit time to be devoted to research and 
other creative activities. It is also necessary that there be sufficient student 
aid to build up a good corps of full-time, on-campus students. In these days 
where government support of research is quite general, the aid problem is 
usually met by using graduate students as part-time research assistants, 
together with fellowships supported by industrial concerns on an annual basis, 
and with government fellowships such as those provided by the National 
Science Foundation and the Atomic Energy Commission. 
It is also important that there be adequate space for classrooms, for 
instruction and research laboratories, and for faculty offices. Curiously, 
money for space is in shorter supply than funds for any other portion of the 
graduate program. It is easier to find funds for faculty salaries (though this 
is not easy) or support for graduate students, funds for equipment or for 
re search than it is to obtain money to provide the space to house the faculty, 
teach the students, or do the research. 
Next, I would like to observe that it is not possible for a private 
institution to support a really good graduate program from tuition fees alone. 
By keeping the seats warm from 8:00 o'clock in the morning until 10:00 o'clock 
at night and drawing heavily uponpart-time teachers who will work for modest 
honoraria, it is possible to run an acceptable but not distinguished graduate 
program from tuition income. 
At Stanford, this situation has been met in our Honors Cooperative 
Program. by accepting only those students who come to us with sponsorship 
of their employers under an arrangement by which the employer agrees to 
make a grant to the institution in addition to the regular tuition charge. Since 
the true cost of a graduate program such as is offered at Stanford is approxi-
mately twice our tuition, this employer contribution matches the tuition 

































Now, in conclusion, the main points will be summarized. Growth 
industries are typically science-oriented. As a result, they require dis-
proportionately large numbers of employees trained beyond the bachelor's 
degree in engineering and/or science. Such industries find that it is helpful 
to be located near a center of brains, i.e., near a university. 
The ideal graduate program to serve science- oriented industry is based 
on professional teachers who have research interests andon students who are 
full-time on campus. Part-time faculty is entirely acceptable to meet spot 
needs but is not a substitute for full-time professional teachers. Where 
students must work in industry to support themselves, the least desirable 
educational program is that carried on entirely at night as a complete over-
load. More desirable patterns that result in little or no overload and enable 
the student to earn a substantial income while progressing relatively rapidly 
towards a master's degree have been devised in Northern and Southern 
California. In particular, Stanford has developed a program that enables work-
study students to obtain a master's degree in two calendar years, while 
attending regular daytime classes dominated by the on-campus student and 
at the same time earning essentially full salary. 
Graduate programs must be adequately financed. Here, it is found 
that problems of space are probably more difficult to meet than any other 
need. It is finally pointed out that it is not possible for a private institution to 
support a distinguished graduate program solely from tuition income, even if 
it uses its classrooms and laboratories all day and far into the night. 
Mr. de Guigne: Thank you very much, Dr. Terman. Our next speaker 
is Dr. Calvin Warfield, Manager of Educational Relations for Hughes Aircraft 
Company. He will tell us about higher educational programs sponsored by 
industry and government. 
Dr. Warfield: Let us first consider a scholarly appraisal of the 
intellectual situation that was expounded by a world- renowned philosopher 
several decades ago. I quote: "In the condjtions of modern life the rule is 
absolute: the race which does not value trained intelligence is doomed. Not 
all your heroism, not all your social charm, not all your wit, not all 
victories on land or at sea can move back the finger of fate. Today 
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we maintain ourselves. Tomorrow science will have moved forward yet one 
more step, and there will be no appeal from the judgment which will then be 
pronounced on the uneducated." Thus wrote A. N. Whitehead in 1916. 
Today this statement is even more appropriate than when it was 
written. It concisely justifies the effort now being made by our thinking 
citizenry, by our national and local governments, and by large segments of 
our progressive industries in the support of basic education. Although our 
discussions at this Forum will inevitably center about the higher education of 
science and engineering staff members of business, we must not lose sight of 
the fact that a well rounded education, including the humanities and languages 
as well as the natural sciences, is often essential for personal success and 
satisfaction and for the development of real leaders in our government and in 
our industries. 
It was only eleven years ago that the business world was startled by a 
statement of Mr. Frank Abrams, then Chairman of the Board of Directors of 
the Standard Oil Company of New Jersey, stating that business should con-
tribute to the support of private education in the United State s. 
Shortly thereafter the A. P. Smith Manufacturing Company had a 
lawsuit to contend with as a result of some stockholders objecting to its 
proposal to make a contribution of $1,500 to Princeton University. The favor-
able decision of the court was sustained upon legal review of the case, and, 









was so convincing that it has been accepted as generally applicable in all states. C 
Another milestone in the development of substantial aid to education 
was pioneered by the Ford Motor Company Foundation when it added gifts to 
universities as a supplement to its fellowship awards so as to make up for 
the difference between the actual cost of educating a student and the amount 
charged by the university in the form of tuitions. 
Still another milestone was the initiation of a program by the General 
Electric Company for matching the gifts of its employees to the universities 










Since the A. P. Smith decision, participation in aid to education has 
rapidly expanded, and a recent survey by the Council for Financial Aid to 
Education shows that, in 1958, there were at least 352 corporations that had 
given substantial sums for aid to education and that at least fifty- six major 
corporations supported extensive fellowship programs. We now know of at 
least thirty other corporations that provide fellowship support, as well as 
eighteen foundations, twelve government agencies, and thirteen professional 
organzations and societies; in addition, practically every university also 
awards fellowship s. 
But how can industry's management justify to its owners, stockholders, o et al. the expenditure of appreciable sums on education? In these days of 













that does not possess the intellectual talent to conceive, conduct research on , 
develop, design, manufacture, and market new and advanced products will not 
be able to compete successfully with competitors whose talents give birth t o 
uniquely useful, new, and better products. We have but to contemplate th f 
phenomenal growth in recent years of certain electronic firms to realize the 
validity of these remarks. 
Now let us take a closer look at the contributions made by the 352 
corporations that were included in the study made by the Council for Financial 
Aid to Education. In what is probably the nation's most highly concentrated 
industrial region, including adjacent portions of Ohio and Pennsylvania, a 
comparison of the effect of establishing foundations for the purpose of 
intelligently and efficiently guiding the contributions made by corporations 
was made. It was found that twenty corporations in this region had established 
foundations for this purpose, that the combined net income before taxes of 
these twenty corporations was over $446,000,000, and they contributed 
collectively over $7,000,000 for educational purposes. This represents 1.59 
percent of their net income before taxes. The corresponding dollar figures 
for the twenty- three corporations without foundations are shown in the table 
below. and they correspond to only 0.7 of 1 percent. So it is seen that a larger 
percentage contribution goes hand- in-hand with the establishment of founda-
tions. The table aJ so shows that the average figure for the forty-three corpora-
tions collectively is slightly over one percent. 
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Corporate Aid to Education, 1958 
352 corporations contributed corporate aid - $48,000,000 
43 corporations in Ohio- Pennsylvania industrial nexus contributed 
as follows: 
% of Net 
Net Income Total Income 
before Taxes Contributions before Taxes 
20 with Foundations $ 446,231,845 $ 7,073,263 1.59 
23 without Foundations 838,368,055 5,902,166 0.70 
43 Total 1,284,599,900 12,975,429 1.01 
The Ford Foundation has already been mentioned in connection with the 
establishment of supplemental aid-to-education payments to universities. Let 
us take a closer look at this Foundation's commitments for 1959. 
According to the Ford Foundation's Annual Report for 1959, its pro-
gram.s are dedicated to a deep national commitment to education and to the 
service of education in solving the basic problems affecting the well- being of 
.Am.erican society. It supports promising and imaginative efforts to strengthen 
the formal structure of education. It encourages a variety of specific partner-






















Ford Foundation Commitments for 1959 
Grand Total: 
Total Science and Engineering Grants 
Including: 
Aid to Engineering Teaching: 
For Engineering Curriculum Development 
and Experiments: 
For about 230 Pre-doctoral and Post-doctoral 
Fellowships in Atmospheric Science, 








This table shows that the program commitments for 1959 totalled 
nearly $114,000,000. When the Foundation initiated its national program in 
1950, science and engineering were among the fields omitted. By 1957, however, 
extraordinary strides--and problems--in science and engineering, coupled 
with growth of the Foundation's income, led the Trustees to authorize a study 
of how the Foundation might best help advance engineering and the natural o sciences in the interests of American society. In 1958 the staff's studies were 
completed, and the Trustees approved a first-year program of science and 






The Foundation's reappraisal clearly indicates a national need for 
better educational resources and facilities in engineering and science. 
Strengthening the quality of education in these fields appears to offer the 
greatest ultimate promise for improving the creative capacity essential to 
the nation's welfare. The Foundation has started its program in engineering 
with two objectives. One is the strengthening of present engineering faculties 




The Foundation made grants totalling 11.4 million dollars to nine r 
universities and institutes of technology for the first large- scale national 
program ever undertaken on engineering teaching as a career. These grants [ 
were made to CIT, MIT, Carnegie Institute of Technology, the University of 
California at Berkeley, and the universities of Illinois, Michigan, and [ 
Wisconsin, and Purdue and Stanford universities. 
These grants provide for (l) the creation offifteen new full professor-
ships; (2) salaries or post-doctoral fellowships for new faculty members on 
the intermediate and junior levels; (3) visiting professorships, summer 
fellowships, and promotions of key professors to senior rank; (4) pre-doctoral 
fellowships and loans for potential engineering-faculty members, whether 
they are now studying, teaching, or working in industry or government; and 
[ 
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(5) funds for short-term campus residencies by distinguished engineers, C 
exchanges of faculty members, and released-time orpost-doctoralfellowships 
enabling young teachers to do research, participate ineducational experimen- C 
tation, or to serve as interns in academic adm.inistration. 
The second purpose of the Foundation is the encouragement of 
imaginative experiments in engineering school programs. Many engineering 
educators have characterized the usual engineering curriculum as static and 
ill- suited for the modern practice of engineering. Grants totalling nearly 
$8,000,000 were made to five universities: Carnegie, Case, UCLA, MIT and 
the University of Michigan. This was to accelerate programs or to initiate 
curriculum experiments aimed at a transition to science-oriented and design-
oriented engineering education. 
The Ford Foundation granted a total of over 1.3 million dollars to ten 
universities for the training of future research personnel in atmospheric 
science, oceanography, and plasma physics. These grants will be used mainly 
for about 230 pre- doctoral and post- doctoral fellowships. Grants for atmos-
pheric science went to CIT J MIT, Harvard, UCLA, and to the universities of 
Chicago, Colorado, Minnesota, and Wisconsin; and oceanography grants were 
made to CIT, MIT J and the University of California at La Jolla. Princeton 
University, center of the largest American plasma-physics research project, 
























In addition to the foregoing, miscellaneous grants totalled over 
0.4 million dollars. 
Still another milestone in corporate aid to education was made a 
number of years ago when the General Electric ' Company initiated a scheme 
of contributions that would reflect the company's use of the manpower 
educated by the nation's colleges and universities. Its plan was to match, 
dollar for dollar, the contributions to educational institutions made by their 
alumni employed by the General Electric Company. This practice has since 
been adopted by over one hundred other corporations. 
This program is rapidly gaining in favor in the business world because 
it definitely associates the company's giving with that of its employees who 
are the product of these institutions. It results in good relations with the 
universities that trained the company's employees, and it also improves 
employee morale when the employee realize s that his employe r make s his 
contribution go twice as far as it otherwise would go. 
Data on the fellowship offerings of sixty corporations have been tabu-
lated for background information. Among the items of information included in 
the tabulation are the following: (1) number of fellowships (over 1000); (2) total 
cost and/or the cost per fellowship; (3) academic expenses included in the 
award, e.g., tuition only, or tuition plus other academic fees, plus books and 
supplies, (4) amount of the stipend, if any; (5) amount of the cost-of-education 
supplement, if any, paid to the university; (6) by whom the fellows are 
selected- - by the university or the company; (7) the academic level, master's 
or doctoral; and (8) program dates, such as deadlines for applications and 
notification of award. 
Up to this point we have limited our discussion primarily to corpora-
tions' aid to education and secondarily to the alumni aid. In recent years, the 
Federal Government has extensively increased its aid to higher education. 
As in the case of industry, the Government also finds that, on an inter-
national basis, higher education for its citizens is a "must" for survival of 
the nation. The statement made in 1957 by Dr. M. H. Trytten, Director of the 
Office of Scientific Personnel, National Academy of Sciences- National Research 
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Council, is still clearly valid and from it I quote: "We have long said in our 
society that knowledge is power. But, in doing so, we have more or less 
complacently thought of this power in personal terms. in economic terms. or. 
as we consider its military or internationally competitive economic implica-
tions. as a gratifying by-product of our democratic way of life. The new factor 
in the situation is that this power arising from technical knowledge is being 
sought in some countries solely, or at least primarily, for its significance in 
terms of national power. In our country and the free world. technological 
competence and its foundations in technological education are pursued as a 
part of the process of maintaining and advancing a cultural heritage in a 
democratic society. It is only lately, indeed. that we have conceptualized this 
vital relationship with national welfare and security. To some minds even yet, 
this new aspect is akin to profanation." 
Let us now turn our attention to the aid to higher education given by 
the Federal Government. This takes many forms including fellowships. 
assistantships, and loans to graduate students; also. research grants to 
universities and others are included. 
To obtain data on the government's participation in this program, I 
turned to my good friend. Dr. Howard A. Meyerhoff. Executive Director of the 
Scientific Manpower Commission. Among other helpful suggestions he gave me 
was a reference to a new publication which I succeeded in obtaining only a 










tains the required background reading for all meetings of the Seventeenth [ 
American Assembly, not only for the national meeting held at Arden House. 
Harriman, New York, but also for the subsequent regional, state. and municipal 
assemblies. In its ZOO-odd pages it includes this concise summary of the 
National Science Foundation fellowships. It says: 
*By Douglas M. Knight, et al, for The American Assembly, Columbia 















The National Science Foundation Act of 1950 created the 
National Science Foundation for a number of purposes, including 
the following, related to higher education in the sciences: 
(1) development and encouragement of a national policy for the 
promotion of basic research and education; (2) awarding of 
scholarships and graduate fellowships; and (3) providing a 
central clearinghouse for information concerning scientific 
and technical personnel. 
In 1952 the Foundation started gIVing fellowships. Through 
grants for the support of basic scientific research, the 
Foundation has also indirectly aided a large number of graduate 
and post-doctoral students performing research services for 
the grantee agencies or institutions. 
Further details concerning the N. S. F. fellowships gleaned from the 
journal Higher Education* for October, 1959, are as follows: 
In fiscal year 1959, twenty- seven programs in support of education in 
the sciences were in operation, with a total of approximately $62,000,000 





(1) Fellowships Section: This administers programs of support to 
individual graduate students, teachers, and advanced scholars in science, 
mathematics, and engineering according to plans designed to meet individual 
educational needs. $13,000,000 was obligated for 3,937 fellowships. 
(2) Institutes Section: This administers programs of support for group 
study, primarily for teachers of science, mathematics, and engineering, 
directed in general toward the improvement of science education. 33.6 million 
dollars was obligated for 581 institutes, involving 15,425 secondary school 
teachers and 1,975 college teachers. 
(3) Special Projects in Science Education Section: This administers 
experimental and exploratory programs in support of new ideas for (a) im-
proving instruction in science, mathematics, and engineering not only for 
future scientists and engineers but also for better understanding of these 
*Published by the U. S. Department of Health, Education, and Welfare, Office 
of Education. 
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subjects by all our young people and (b) strengthening science education in 
our own country through the cooperative international programs. 8.9 million 
dollars was obligated for 512 projects embracing secondary school, college, 
and international science education. 
(4) Course Content Improvement Section: This administers programs 
directed toward production of up-to- date course- content materials in science, 
mathematics, and engineering and development of supplementary training aids 
to increase the effectiveness of instruction in these fields. $6,000,000 was 
obligated for forty- nine projects. 
(5) Scientific Manpower Section: This administers the National 
Register of Scientific and Technical Personnel and collection, analysis, and 
dissemination of scientific manpower information. 0.8 million dollars was 
obligated for forty grants. 
NSF Awards Offered by Field of Study, 1959 
Program Physical Life Social Natural Total 
Graduate 866 216 18 0 1,100 
Cooperative Graduate 799 238 13 0 1,050 
Teaching Assistants 393 165 22 0 580 
Post- doctoral 118 73 3 0 194 
Senior Post- doctoral 40 40 3 0 83 
Science Faculty 218 83 0 1 302 
Secondary School Teachers 628 

































The 3,937 N. S. F. fellowship awards for 1959 are distributed as shown 
in the table on page 34 among seven programs and four sciences. It is seen 
that considerably more than half are in the physical sciences. The graduate 
and cooperative graduate fellowship programs alone account for about 2/3 of 
the physical science fellowships. The 1,665 physical science fellowships in 
these two programs are further subdivided as shown in the following table: 
NSF Graduate and Cooperative Graduate Fellowships Prc-gram, 1959 
Physical Sciences Graduate Cooperative Graduate Total 
Astronomy 13 5 18 
Chemistry 201 205 406 
Earth Sciences 75 50 125 
Engineering 175 233 408 
Mathematic s 143 128 271 
Physics 259 178 437 
TOTALS 866 799 1,665 
Here it is seen that the overall order of popularity is first, physics; second, 
engineering; third, chemistry; etc. All of these fellowships are more fully 
described in the journal Higher Education for October, 1959, in the official 
N.S.F. announcements of these fellowships, and in the brochure "N.S.F. 
Program for Education in the Sciences." 
Another of the items mentioned in the book just cited is the Atomic 
Energy Act of 1946. Presently available data show that A. E. C. fellowships in 
industrial hygiene totalled twelve in 1958, and the number of A.E.C. fellow-
ships in nuclear science and engineering was 150 for this same period. 
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One of the principal facilities of the A. E. C. is its laboratory at 
Livermore, California. This Livermore Laboratory works closely with the 
Lawrence Radiation Laboratory of the University of California at Berkeley. 
Special educational benefits have been established for the staff members and 
graduate students of this complex. For example, a graduate student research 
assistant receives a salary ranging from $415 per month to $481 per month, 
depending upon the nmnber of years of graduate study completed, based on a 
40-hour week. They are employed on a part-time basis (usually 20 hours per 
week) during the academic year and full-time during the summer months. 
There were 205 students participating in 1959. A full account of the educational 
benefits available to the staff and students in the Livermore-Berkeley complex 
r. 
[ 
was prepared by Mr. John T. Suttle, Personnel Manager of the Lawrence [ 
Radiation Laboratory. 
Another item summarized in the book already cited is "The National 
Defense Education Act of 1958." This Act, signed on September 2, 1958, 
authorizes expenditures of more than one billion dollars over a four-year 
period ending June 30, 1962. It consists of nine parts, or titles, only one of 
which specifically provides for fellowships. This one is known as Title IV. 
The purpose of Title IV is to increase the supply of well trained college-
or university-level teachers. It provides for 1,000 fellowships the first year 
and 1,500 for each of the succeeding three years, making a total of 5,500 
fellowships in the specified four-year period. 
The fellowships are for periods of study not to exceed three academic 
years. Each fellow receives a stipend of $2,000 for his first year, $2,200 for 
his second, and $2,400 for his third year, plus an allowance of $400 for each 
dependent. The institution enrolling the fellow may receive not more than 
$2,500 per year for each N.D.E.A. fellow for defraying the cost of educating 
the fellow. 
For 1959- 60 the 1,000 awards were for study in 123 institutions of 


























expanded graduate programs. The total appropriation for this year was 
5.3 million dollars, about equally divided between fellows and the institutions 
they attended. The average cost per follow was therefore about $5,300. 
The distribution by field of specialization was: physical sciences and 
mathematics, 224; biological sciences, 158; engineering, 59; social sciences, 
264; education, 47; and the humanities, 248. 
Before leaving the subject of government- sponsored fellowships, let 
us see what the total number of fellowships in the sciences supported by the 
Federal Government is. The following figures are available: N.S.F.fellow-
ships, 3,937; N .S.F .-administered NATO fellowships, 40; N .S.F .-administered 
fellowships for the Organization for European Economic Cooperation 
(O.E.E.C .), 25; Atomic Energy Commission fellowships, 162, exclusive of the 
A.E.C. fellowships in industrial medicine (for which no figures are presently 
available to me); N .D.E .A., 2,500; and National Aeronautical and Space 
Agency, 24. The grand total of science fellowships sponsored by these four 
Federal agencies alone was 5,480. 
The Fulbright fellowships for study abroad are not included in the 
totals just stated, and undoubtedly there are others supported by other 
government agencies; but it is believed that the total of these others is small 
in comparison to the 5,480 that have been counted in the foregoing. 
Before concluding our discussionof government- sponsored fellowships, 
let us look at the data given in the following table: 
Fellowship Program Data 
Corporate - maximum 
Corporate - average 
Government - maximum 























*Usually the stipend is in addition to academic fees and travel expenses. 
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In the table onpage 37, we see some figures for the maximum, and pro-
gram average, values of four quantities: {1} stipends, which are paid fellows 
usually in addition to academic fees and travel expenses and which represent 
cost-of-living reimbursement; {2} supplemental payments to the university in 
which the fellow is enrolled, in addition to all pertinent academic fees, to help 
defray the additional cost of education normally subsidized by the university; 
(3) the amount of the allowance for dependents, and (4) the last item, not of 
monetary cost but, instead, a head count, namely the number of fellows per 
program. I regret the vacant spaces, but the necessary data was not available. 
Surprisingly enough, the data indicate that the monetary value of the 
government- sponsored fellowships exceeds that of the industry- sponsored 







stipend is not the whole story. For example, it is known that some corporations 0 
continue to pay full salaries to a few of its managerial staff while attending 
classes in advanced business administration for nine, or even twelve, months. C 
In some of these cases this may exceed the $12,000 maximum stipulated by 
the government by quite a few thousands of dollars. 0 
The latest data available on university- sponsored fellowships is for 0 
the year 1955- 56. They were compiled by the U. S. Office of Education and 
published in a bulletin entitled "Financial Aid to College Students, Graduate" 
{Bulletin 1957, No. 17}. The bulletin shows that, of 406 institutions covered by C 
the survey, a total of 24,885 fellowships were sponsored by the universities 
at a total cost of $18,239,000. This represents an average of $733 per fellow. 
This bulletin also shows that the universities supported 29,406 
assistantships at a total cost of $35,008,000, for which the average cost per 
assistant is $1,190 per year. In addition, loans averaging $179 per fellow to 
30,507 fellows, totalling 4.99 million dollars were made by these 406 
institutions. 
The total financial aid contributed to graduate students by these 406 
[ 
institutions was therefore 58.2 million dollars in 1955- 56. Undoubtedly it is [ 







A summary can now be given of the total number of fellowships avail-
able in the sciences and engineering. The individual figures, you will recall, 
are approximately as follows: 









To these must be added fellowships sponsored by state and local governm.ents 
and by professional associations and learned societies. The numbers in these 
categories are, however, believed to be small. 
Although this total may appear large, careful studies made by the 
American Society for Engineering Education show that, in engineering alone, 
the number being trained each year is woefully inadequate. The evidence points 







Let us now turn our attention to criteria for the decisions that must 
be made in establishing fellowship programs: 
Industrial Fellowship Award Criteria 
Amount of Award: Tuition only, or also other fees, travel, 
stipend, dependency allowance, supplement to university. 
Awardee: Employee, child of employee, resident of certain 
area, citizenship. 
Field: Specified courses of study? 




The first item listed. the amount of the award. has already been [ 
mentioned. Decisions must also be made concerning eligibility criteria; for 
example. will employees only be eligible, or only children of employees. or 
only rank outsiders? Will only residents of certain areas be eligible. what 
citizenship requirements. etc.? 
Another decision to be made is whether to restrict the courses of 
study; for example. only a major in electrical engineering. only in chemistry. 
etc.? Should employment be required before and/or after the duration of the 
fellowship? Still another decision must be made regarding possible specifica-
tition of universities eligible to participate in the program. 
Of course many more decisions must be made. but the foregoing 
are illustrative of the principal ones inherent in any fellowship program. 
Types of Fellowship Administration 
Place of Taught 
Type Sponsor Administration Instruction by 
A University University University Professor 
B Corporate University University Professor 
C Corporate University Company Professor Facility 
D Corporate University Company Company 
Facility Scientist 
Still other decisions are necessary regarding administration of the 
fellowships. the place of instruction. and by whom the fellows are to be taught. 
The table above shows three fairly common combinations of these three factors 
that are applicable to corporation- sponsored fellowships . The first combination 
listed applies to a type not yet mentioned in this talk, namely the university-
sponsored fellowships. 
The question of whether fellowship recipients work for their sponsors 
is often asked in establishing fellowships. The answer depends largely upon 
the circumstances inherent in the fellowships. In some groups there are large 





















The following are several means of creating in the fellow a sense of 
indebtedness to the fellowship sponsor: (1) work for company before, during, 
and/or after fellowship; (2) liaison between company and fellow while at 
university; (3) liaison between company and university; and (4) professor 
assigned to each fellow. There are undoubtedly many others that could be 
listed. 
The following are a number of ways in which the Hughes Aircraft 
Company extends aid to education: doctoral fellowships (full-study), Master's 
fellowships (full- study and work- study), scholarships, undergraduate work-
study programs, summer industry- education program, lectures at universities 
by Hughes Aircraft scientists, lecture-demonstrations at neighboring high 
schools, gift-matching, and electronic salvage. A copy of the Hughes educa-
tional brochure is available to anyone present who requests one. 
Industry, especially in today's highly technological development, needs 
men with ever greater competence in science, engineering, and management. 
Above all it needs men, and women, with a creativity potential for conceiving 
new ideas, new physical principles, new experimental techniques for determin-
ing the validity of these ideas, and new and useful applications of this new 
knowledge of our physical universe. Scientists and engineers with the imagina-
tion- - and genius or creativity- - to develop new engineering systems and to 
design new, complex, and uniquely useful products are essential for the growth 
and even the survival of modern industrial establishments, of nations, and 
even of civilization. The problem is an immense one and it will challenge to 
the fullest our governmental units, our foundations, our corporations, and 
our educational institutions. Creativity may be difficult to measure, but there 
is significant evidence that it can be developed by the right type of education, 
or training, or environment, or by optimum combinations of these. No one 
with the necessary potential should be lost to the nation or to industry because 
of the lack of opportunity or the absence of an essential challenge. All must 




Mr. de Guigne: It is now my ple~sure to introduce Mr. C. C. Walker, [ 
Regional Vice President of the General Electric Company. 
Mr. Walker: Happy as I am to participate in this conference and 
present "An Industry View of Corporate Support of Higher Education for 
Employees," I find the assigned topic both broad and restrictive, which does 
not make for complete comfort. 
Broad, because I can speak with confidence only for my own company, 
G eneral Electric. And even here, as a result of the discretionary authority 
vested in decentralized department managers, the examples I can cite will, in 
some cases, describe individual programs of representative components 
rather than across-the-board activities. 
The restrictive element in the title is the emphasis on higher education. 
For, at General Electric, we have developed a philosophy of support which 
c 
views education as a whole and as a continuing process rather than as a series [ 
of compartmentalized activities. 
This accounts, in part, for the creation in 1952. of the General Electric 
Foundation through which most of the support of education, external to the 
Company, is carried out. This Foundation, because of its independent nature, 
does not of course directly involve itself in employee education. Yet its 
philosophy has permeated and affected many of our educational activities. 
There are certain fundamental beliefs which motivate and guide 
General Electric educational support programs, both external and for 
employees. Let me, here at the beginning, describe them very briefly. 
1. A belief in more and better education as an essential for 
national and probably also world, progress and well- being. 
2.. A belief, therefore, that education deserves the widest 
possible support. 
3. A belief that the cost of education, so far as is possible, 
should be borne by the individuals and organization that 





























4. A belief that, since an employing company shares with the 
individual some of the benefits of the employee's educational 
preparation, especially higher education, it is proper and 
appropriate for the employer to share also in the employee's 
support of the educational institution. 
5. A belief that it is healthier, for the educational institution, 
if corporate support of education is looked upon as a 
legitimate long- range investment rather than as any kind of 
charity or philanthropy. 
6. A belief that the greatest eventual good is accomplished by 
corporate support that enables the educational institution to 
improve and extend its services to many, as contrasted with 
financing the education of individual studerlts. 
The foregoing may sound, at first hearing, pretty academic. But most 
of them have been put into practice - for example: 
The Corporate Alumnus Program of the General Electric Foundation, 
by matching the gifts of General Electric employees to their alma maters, 
has stimulated alumni giving, both in number and amount, among the estimated 
50- odd thousand eligible employees. In the six years ending this coming 
December, the employees will have given to more than 600 institutions of 
higher education close to 1.5 million dollars, matched by an equal amount from 
the Foundation. More than one hundred similar matching- gift plans have since 
been established by other corporate organizations. I cite this program as an 
example of three objectives: broadening the base of support; encouraging 
college graduates to help pay, after the fact, for the cost of their education; 
and sharing of the cost by employee and the employer. 
Two aspects of General Electric Foundation programs have contributed 
to the objectives of strengthening the institution in place of, or in addition to, 
supporting the individual. All graduate fellowships, in recent years, have 
carried a substantial grant to the institution where the graduate student will 
work in addition to the individual's tuition, fees, and stipend. Just in the last 
year or two, there has been a movement to transform graduate fellowships into 
direct grants to a sizable number of universities to underwrite graduate 
research and study in specified fields but to be expended according to the best 
judgment of the recipient institution. 
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A third activity, albeit a one- shot one, was the financing a few years 
ago of a full- scale study of graduate work in the field of engineering, under 
the direction of the Am.erican Society for Engineering Education. The report, 
issued early in 1958, has been a m.ajor contribution to educational knowledge 
and policy-m.aking and will probably have continuing beneficial results for 
years to com.e. 
A fourth developm.ent, in line with the listed objectives, has been the 
substitution of a loan plan for an earlier, m.odest program. of scholarships. 
And, since this applies directly to em.ployees and their children, it brings m.e 
closer to the specific subject of this discussion. 
Not too m.any years ago, according to all reports, there were loan 
funds lying idle in m.any colleges. But there has been a m.arked change in 
attitude along with the increased applications for enrollm.ent in college. The 
idea of higher education as an investm.ent for the future has apparently taken 





of loan funds has increased, in five years, from. approxim.ately $15,000,000 to C 
$75,000,000. 
The program. instituted four year s ago for General Electric em.ployee s, 
for themselves or their children, is a decentralized one; that is, it permits 
department managers to make loans out of their component's operating funds 
for undergraduate or graduate study bearing a rate of interest below the 
prime banking rate and with convenient arrangements for repaym.ent. Most of 
the loans, as might be expected, have been for children of employees, but a 
gratifying number have been taken up by employees for themselves. 
Two results of this program have been especially interesting. Many 
of the loans have been for first-year college work, where college loan funds ~ 
are often not available under college rules. And the acceptance of the program 
has exceeded expectations. In 1960, upwards of $600,000 will have been lent [ 
for this purpose; the rate of repaym.ent, mostly by payroll deduction, has been 
surprisingly high. Since the program was started in 1957, loans approaching 
1.5 million dollars have been authorized. Sothe willingness of employees to pay 









Before I start detailing the specific Company programs of support of 
employee higher education, I want to read into the record a statement. It 
appears in a brochure used by our recruiters who visit the colleges and 
recruit seniors for various training programs in science and engineering. The 
philosophy it presents is applicable to other fields as well, and it tells better 
than I could General Electric's reasons for actively encouraging, and often 
helping to finance, higher education for employees. I quote: "Perhaps the 
greatest benefit to be gainedfrom taking immediate advantage of the educational 
opportunities available to you lies in establishing the 'habit' of continuous 
learning. It is important to recognize, as you begin a career in the practice of 
your profession, that virtually continuous education will be necessary to main-
tain your proficiency and assure continuing advancement. Technology once 
progressed at a rate which made it possible for a man to learn for a while and 
then apply that learning for a long time without falling too far behind. Not so 
any more. Today the time lapse between the birth of a scientific idea and its 
practical application has become so short that an engineer or scientist simply 
must merge continuing education with his working career. The job of keeping o abreast of new developments must occupy a significant part of his total effort 
if he is to progress professionally or even hold his relative position. The 








people as just another employee benefit. It is part of the work itself. After you 
leave the (Training) Program therefore, you will want to continue an educational 
program and can expect to find continuing encouragement from Company 
sources." 
With that as an introduction, I shall tell you briefly about some of the 
ways in which General Electric is providing this "continuing encouragement" 
for employee higher education. 
The nearest thing to an across-the- board activity is what we call the 
Tuition Refund Program. The same brochure I just quoted states its basic 
features succinctly: "Reimbursement of up to 100% of the amount of tuition 
may be granted by department general managers to individuals who, with prior 
approval, enroll in and successfully complete courses leading to a degree at 
a recognized school, provided that the courses relate to the employee's 
field of work." 
45 
[ 
You will note that this is a decentralized program, discretionary with [ 
each manager, and financed as apart of each department's regular operations. 
It can apply to either undergraduate or graduate education. In most cases, it 
utilizes the facilities of colleges and universities in or near the community 
where the component is located. The classwork is customarily done on the 
employee's own time. Because it is decentralized, there is no detailed 
analysis available for the whole Company. But, in 1959, more than 3,700 
employees availed themselves of this program, and the total cost to the 
Company exceeded $600,000. 
In addition to this company-wide opportunity, there are a number of 
[ 
others sponsored by special components. One option for technical graduates C 
taking the engineering or science training programs is an Honors Program 
for Graduate Study. Here selected employees, as part of their preparation for C 
a permanent assignment, can take part-time work at one of eight outstanding 
universities and complete their work for the Master's degree in three or four 
semesters. Working hours are dovetailed around the academic program.. 
Participants are paid for the time they are working at their jobs. But, by 
putting in full time during college vacations, earnings average about 75% of 
full annual salaries. 
Still another program, carried out at a number of Company locations, 
c 
c 
is an extension of apprentice training. High school graduates accepted for the C 
regular apprentice courses, who can meet strict college entrance require-
ments, have the option of enrolling for credit work, in the evening, at a college 
in the plant community. Thus, during the four years while they are learning 
their trade an~ being paid at the regular rate, they can complete the first two 
years of study toward an engineering degree. Tuition for the college courses 
is paid by the company. Following completion of this program, the young men 
can use the Educational Loan or the Tuition Refund plans to complete the work 
for their degrees, either through full-time or part-time study. Of those who 
have completed this College Level Apprentice Program, a gratifying number 


























I don't want to swamp you with a multiplicity of details, but, in some of 
the newer fields of science, the need for advanced study to keep up with 
rapidly changing technology is particularly acute. Therefore special arrange-
ments have been made to meet these situations. 
At the Knolls Atomic Power Laboratory at Schenectady, operated by 
General Electric for the Atomic Energy Commission, a special cooperative 
program has been set up with Rensselaer Polytechnic Institute in Troy, 
New York, for a Z- liZ-year work- study schedule, geared to the needs of 
modern nuclear technology. New graduate-level courses were developed by 
RPI to supply the highly specialized knowledge needed in the nuclear field. 
These courses were made an integral part of study toward a graduate degree 
in one of the basic engineering or scientific disciplines. Thus a young engineer, 
employed at the Laboratory, can work towardamaster's degree in the field of 
his choice, while earning a minor in nuclear engineering, and find that his 
regular work and his studies supplement each other, giving greater meaning 
to both. 
In a similar field, but under entirely different conditions, a much more 
elaborate educational program has been in operation for some years at 
Hanford, Washington, where General Electric has a contract with the Atomic 
Energy Commission for operating a facility for the manufacture of plutonium. 
The area is an isolated one, too far from any university to make commuting 
possible. The percentage of college graduates in the area is, from the nature 
of the business, unusually high. So an official graduate center has been set 
up, administered by the University of Washington but with the active coopera-
tion of Washington State University and Oregon State College. This is not a 
General Electric activity but an official educational institution under the 
direction and control of the sponsoring university. It is called the Center for 
Graduate Study at Hanford, and it serves all qualified residents of the three-
community area embra_cing Richland, Kennewick, and Pasco. The courses, 
almost all of them at graduate level, maybe taken for credit or in some cases 
simply for self- improvement and are in the fields of physic s, chemistry, 
mathematics, the six main subdivisions of engineering, and business 
administration. 
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I must emphasize again that this is not a true case of corporate 
support of education; rather it is an enlightened effort on the part of the 
cooperating educational institutions to bring their services to a place where 
there is a need and a demand for them. But I have mentioned it because it 
affords an excellent example of the application of the General Electric 
Tuition Refund program I described earlier. Company employees enrolled at 
the Graduate Center can receive a 50ro refund of their tuition if (l) the course 
is successfully completed with a grade of A or B; (2) the course is related to 





plan for personal development, including work toward an advanced degree 
which is relevant to the work done at Hanford. During the academic year 
1959-60, 216 General Electric employees took course work at the Center. Of I 
these, about 125 were registered in the graduate school and working toward a 
specific advanced degree. 
There are other special educational programs in which General 
Electric participates and about which I have no such specific data -- probably 
even some of which I have never heard. For instance, in an advertisement in 
the September Scientific American, placed by our Heavy Military Electronics 
Department at Syracuse, New York, I discovered the following paragraph: 
In the spring of 1960, 73 engineers and scientists were working 
toward advanced degrees at Syracuse University; 610 were 
enrolled in in-plant courses ranging from electromagnetic 
field to automatic control systems; and 11 studied technical 
Russian. 
However, I'm sure I've gone far enough - - perhaps too far - - in 
cataloguing specific cases. Is there an overall pattern to be discerned, anything 
approaching the promised "Industrial View?" I think there is, at least one 
which fits the perhaps unique situation of General Electric. 
Here are some of the elements of that situation: 
The Company is engaged in a large number of individual 
businesses. 
It employs and needs employees with the widest variety of 


















The individual departments are managed by men who are 
given a large measure of independent responsibility and 
authority. 
There are manufacturing operations in more than a hundred 
locations, in more than half the states in the Union. 
Given these conditions, we feel that what is needed is not one uniform, 
rigid, monolithic program but rather a set of flexible and even permissive 
rwming rules that can be adopted to meet almost any forseeable situation. In 
the Employees Educational Loan Plan and the Tuition Refund Plan, we have 
such across-the- board policies. And, as Ihope Ihave indicated, both functional 
and departmental managers have ingeniously devised appropriate adaptations 
and worked out mutually advantageous arrangements with nearby educational 
institutions. 
There is, of course, a whole field which I have not touched on at all --
the variety of in-plant courses which do not involve established educational 
institutions. Some of these, if given under college auspices, would qualify as 
graduate-degree work. It has been said that, in most recent years, 30,000 
employees have taken 1,500 courses inside the Company. But, because these 
courses fall, technically, in the area of continuing rather than strictly higher 
education, they are probably not a proper part of this story. And it would take 
a better man than I to begin to characterize them. 
I'd like, in closing, to sum up what I feel are the common character-
istics of the programs Ihave sketched and of others like them. In almost every 
case, they encourage and assume a desire on the part of the employee for 
self- improvement through continuing formal education. The initiative comes 
from the employee; and, since he is the primary beneficiary, the programs 
expect him to be willing, to a greater or lesser degree, to carry a substantial 
portion of the cost. Thus, the corporate support is not something which is 
given in the sense of an employee benefit, a bribe, or philanthropy. Rather, 
it is a sharing of the cost - - in those cases and to the degree that the Company 
shares in the benefits which the higher education confers. 
And that, without further em.broidery, is the gist of one company's view 
and philosophy of corporate support of higher education for employees. 
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Mr. de Guigne: Thank you, Mr. Walker. 
I am now pleased to introduce Dr. Russell O'Neill, Assistant Dean of 
Engineering at the University of California at Los Angeles, who will give us 
the university view of corporate and government support of higher education 
fo r employee s . 
Dr. O'Neill: I know it's not good practice to begin a presentation with 
an apology, but I feel that one is in order here because Dean Boelter's name 
was on the program and so many of you know Dean Boelter. I am sure that you 
are as disappointed as I am that he is not here today. I would much rather be 
with you in the audience listening to what he has to say. 
He did not write out a paper for me to read; instead, we sat down and 
talked about this for about an hour. It was our impression that this would be 
a rather informal meeting, setting the background against which some panel 
would operate a little later. So we just jotted down some notes to which I will 
refer. I'm afraid that we probably raised many more questions than we have 
answered. 
Even before I heard Provost Terman's talk this morning, I realized 
that it was not going to be possible for me to give the university view, speaking 
for all universities. I will attempt to be as general as I can but it's an awfully 
tough job. I'm sure that what I have to say is going to be controversial. 
Perhaps, for the benefit of some, I ought to identify myself so that 
you can tell my "bias." I'm from the University of California, which is a 
state university but really only 60% state- supported. About 40% of our monies 
come from gifts, endowments, and student fees. In addition to this 1000/0, there 
is another 100% that we get for sponsored research--frorn the Federal 
Government, State Government, and from industry. 
I am from the Department of Engineering on the Los Angeles campus. 
Enrollment is about equally divided between undergraduate and graduate 
students. Last year at this time, we had some what over 800 graduate students 
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taking a little over five units per semester. This means that a large number 
of graduate students took one course; some took two courses; a few, three or 
four. This gives you some idea of what my "bias" might be, although I shall 
try to avoid this as much as possible. 
I think first we shall have to raise a question: is there a need for 
highly trained engineers, and, if there is, how many should there be and at 
what level they should be? This conference will discuss these two aspects 
more fully this afternoon and tomorrow, and so I don't want to dwell on them, 
except that I must say that our program is based upon the belief that there 
is a need for more engineers and that we have a long way to go before we 
saturate the country with engineers. We feel that a large number of these 
engineers should be trained beyond the bachelor's degree. It seems to me that 
we are almost at the point where the professional engineer is one who has an 
education up through the master's degree. We are going ahead on the assump-
tion that there is a need for this kind of training and that there should be a 
fair amount of it at the master's level. I can't document this need, but I trust 
that some of you will be able to a little later. I know from specific case s that 
we are certainly short of technical manpower. I spent one month this summer 
attending a transportation conference at Wood's Hole, Massachusetts. We 
uncovered a great shortage of well trained people in this large field. We must 
do something about it if we are going to take care of the increase in population 
and Our demands for increased mobility. 
Suppose we agree that we are going to have to have some kind of 
expanded program? How can this be carried out? I think one of the obvious 
things to do is to improve our teaching so that the time that students do spend 
in school is more productive. Of course, all of the universities are working on 
this in one way or other. We don't want to overlook this fact, but it is not the 
subject of this conference. Another way would be to put a larger burden on 
the parents of children and have the parents send the children to school for a 
longer period of time and support them. We could ask that the Federal 
Government increase its support for students who wish to do advanced work 
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or we could have Inore support froIn industry. I suspect that it's this particular 
avenue that we are going to look at the hardest today and tOInorrow. 
Perhaps it doesn't Inatter, then, how these expenses of the student are 
Inet. Before going into that, it seeInS to me that we Inight pause and see what 
it is we are trying to do at a university. Stating it rather crudely, I think that, 
at a university, you create knowledge--that's essentially your research 
program; you transmit knowledge in the classroom and in the laboratories; 
and you store knowledge in the libraries. These, then, are the three major 
functions of the university as I see it. 
Let's look at the transmission of knowledge first. What goes on in the 
classroom and in the laboratories? Do we really know how a person learns? 
I don't think we do. I think that we really are not in a position right now to say 
that a particular mechanism is the best of all possible mechanisms: whether 
this learning takes place in a small group where you have a professor and a 
few students gathered around him, or in a very large classroom like this 
auditorium or in a laboratory, etc. How important is the atmosphere in which 
this is carried on? Again, I don't think we really know for sure; we all have 
ideas as to the importance of this, but I, for one, have not seen any convincing 
data here. And, what effect does the time of day have? So, all that I'm saying 
is that it seems to me there are some very fundamental questions which are 
left unanswered at this particular time. Also, another thing that seems to over-
ride all of this, in my mind, is that there are such tremendous individual 
differences among the students who come to a university. This means to Ine 
that there should be a wide range of possibilities for graduate education. 
I, for one, don't believe that there is anything to prevent an individual 
from learning when he is off campus. You could have the kind of job that would 
also provide learning experiences. An individual really could be a full-time 
student, even though he were only on campus part-time. I recognize that the 
envirorunent on campus and in industry is quite different, even though the 
laboratories look the saIne, etc. The objectives are different but some people 
can learn even under these circumstances. With this as a background, we can 






























aware that this is a very serious problem. Does the fact that somebody is being 
sponsored by industry make performance in the classroom any worse? Does 
industry sponsorship sort of impede or inhibit his search for knowledge? 
Now we can go from industry sponsorship down to part-time study. 
These things are all closely related. Does part-time study have a bad effect on 
scholarship? Here you are dealing with individual personalities. A large 
number of students would be much better off if they could study full-time, but 
I'm sure that we could pick out some individuals who would manage to do 
better on a part-time basis. I think we need to know more about this. On our 
campus, a large number ofthe faculty think that part-time students have a very 
bad effect on their classrooms, but there are some others who think that 
these part-time students offer a challenge to the full-time students. 
We might ask, •• Doe s part- time study stretch out the graduate work too 
long?" I think, in general, it does. We have found that the number of years 
required to get a master's degree is stretching out. What had been a one-year 
program at the University of California is now longer than a one-year program 
for the great majority of our students. This raises the question, "Is a critical 
effort needed for 2. master's degree? Is a master's degree earned in one 
year's intensive study the equivalent of a master's degree earned over a 
period of three to five years?" In order to answer this question, it seems to 
me that you would have to know what the person is doing with the rest of his 
time. I believe that many jobs are such that stretching the program out beyond 
one year would do nO harm. As a matter of fact, the student might really come 
out better than he would at the end of a year. 
Now, when you corne to the doctor's degree, I feel very definitely that 
a critical effort is required and that the student has really to concentrate very, 
very hard over a period of time. If you do spread your doctor's work out over 
a period of many years, you don't get the same effect. 
This raises the question of how a graduate degree program differs 
from the concept of lifelong learning. I think we all agree that it is desirable 
for people to continue to go to school all their life. But should this lifelong 
53 
learning be degree- oriented or non- degree oriented? What is the difference? 
It seem.s to m.e that the difference is that the degree program.s end up in som.e 
kind of com.m.encem.ent cerem.ony which is just that, a com.m.encem.ent. The 
graduate is prepared at the m.aster's or doctor's level to go out and do som.e-
thing. The lifelong learning concept feeds education into what you are doing 
as you go along. Perhaps another way to differentiate would be to say that the 
lifelong learning notion is always directed at the problem.s of today and how to 
cope with them., whereas degree program.s really should be pointed to the 
problem.s of tom.orrow- -looking ahead, preparing som.ebody today so that he 
can do the job tom.orrow. 
Let's look briefly at the creation of knowledge. I think that it is in this 
area that there has beenm.ore concernaboutthe effect of industry sponsorship, 
because, if you do have a nurn.ber of people com.ing to you part-tim.e and 
sponsored by industry, it is difficult for student-professor groups to em.erge. 
The cam.pus then has a different characteristic. Also, problem.s are created for 
the faculty who are trying to build up laboratory facilitie s, when they don't have 
m.any students around to build them. up. So I suspect that, when you look at this 
aspect of the university's role, this m.atter of creating knowledge, the present 
plans for industry sponsorship m.ay fall quite short. They do not really help the 
university carry out its role. 
Now, what are som.e of the intangibles here? Does the fact that a 
student is em.ployed in industry detract from. his feeling that he is a student? 
I haven't really observed that it does. Perhaps som.e of you have, but it seem.s 
to m.e that the people who are em.ployed by industry in Southern California are 
the sam.e kind of people who are em.ployed by us as teaching assistants or as 
research assistants. I can't see that being em.ployed off- cam.pus has had any 
great effect on them.. I m.ight ask, "Does industry support influence the way in 
which the university is run?" I haven't been able to observe any change here, 
except that I think that m.any of the people in the university have been willing 
to accom.m.odate industry in term.s of clerical operations, etc., assistance 
with applications, procedures, etc., but I have seen no effect on the policies 
involved. However, I don't want to generalize on this because I don't know how 

































Does the fact that students are part-time substantially reduce the 
interchange that should go on between students? Ithink that there is no question 
but that it does. If a student comes in for just a class or consultation with his 
professor, he is not going to have the time to talk with others. However, I 
want to point out that the university is up against fairly stiff competition in 
this regard anyway, because everyone now seems to support a lot of extra-
curricular programs. Technical societies are very, very active; companies 
run their own in-plant seminars, etc. so that many of the things that used to 
be done only on the university campus (as far as getting people together and 
exposing them to other points of view are concerned) are now being carried 
out on a pretty large scale within the community. 
I raise one question here: suppose all of the students all over the 
country were to come to campus full-time? I wonder if the campuses could 
handle them. We couldn't. Perhaps some of the others could, but we certainly 
could not handle them with the buildings that have been provided for us. We 
just don't have the space. I think that, when we look at this, we must evaluate 
all of these programs in terms oftheir output. What do we think of the product 
that we are putting out now? From our point of view at the university, we seem 
to think that our graduates would make pretty good teachers and our complaint 
is not with their quality, it's with their scarcity. We have a hard time hiring 
them as teachers because of the competition from industry. People who are 
being turned out across the country at the master's and doctor's level look 
very attractive to us. Whether they look attractive to industry, you will have 
to speak to that point. All I know is that, looking over the house organs that 
I receive, I see that a large number of our graduates receive recognition. 
They seem to be promoted at a fairly rapid rate. I take this as a fairly 
heartening sign. 
In conclusion, I wish to say that I think that industry support should 
be on a real broad basis. This is the sort of thing that Dr. Warfield brought out 
in his statistics and Mr. Walker brought out in his conclusion--that there is a 
wide spectrum of support programs for people employed by industry. There 
should be many different kinds of students coming to campus from many 
different sources, receiving all different kinds of support (some of it industrial 
support). Even the industrial support programs should be varied in their nature, 
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taking into account the fact that people are individuals. I think that this is the 
thing that is most important to us at a university: we must regard each student 
as an individual. someone quite different from the person sitting next to him. 
I think the notion of industrial support which is emerging so rapidly now 
is very important and complex. It is certainly worth devoting a whole con-
ference to such a topic instead of just one paper in a much broader program. 
It's big. and we want to make sure that, if we inspect this in a piecemeal 
manner. we don't come up with the same kind of conclusion the blind men did 
when they were examining the elephant. It's a big picture and we want to make 
sure that we get a good view of it. In this regard. I think that it would be good 
if industry helped to bring the picture into focus. Often industrial support is 
presented from one point of view. either from the point of view of the recruiter 
or the point of view of somebody drawing up proposals which list the number of 
Ph.Do's and M.So's. I think that industry shares with the university the 
responsibility for placing a premium on the intellectual accomplishment 
necessary to get the job done. 
Mr. de Guigne: Thank you very much, Dr. O'Neill. 
It has been our custom to appoint a conference Evaluation Committee to 
report at the close of the final session. As in the past. I would like to appoint 
Admiral Spruance Chairman of this Committee. I would like to ask Bob Mello 
of Army Ordnance Missile Command to serve as Vice-Chairman. Allan Wright 
of General Electric Company has agreed to serve as Committee Secretary, and 
I am inviting the following meeting participants to serve as members of this 
Committee: Dr. Mansel Keene. Dr. Calvin Warfield, Robert Knotts. Dr. Herbert 
Trotter, Dr. Robert Parden. andDr. Russell O'Neill. Mr. Wright has requested 
that the Committee meet this evening at 8:00 p.m. in the Oak Room. 














The individual departments are managed by men who are 
given a large measure of independent responsibility and 
authority. 
There are manufacturing operations in more than a hundred 
locations, in more than half the states in the Union. 
Given these conditions, we feel that what is needed is not one uniform, 
rigid, monolithic program but rather a set of flexible and even permissive o running rules that can be adopted to meet almost any forseeable situation. In 




such across-the- board policies. And, as Ihope Ihave indicated, both functional 
and departmental managers have ingeniously devised appropriate adaptations 
and worked out mutually advantageous arrangements with nearby educational 
institutions. 
There is, of course, a whole field which I have not touched on at all --
the variety of in-plant courses which do not involve established educational o institutions. Some of these, if given under college auspices, would qualify as 
graduate-degree work. It has been said that, in most recent years, 30,000 
employees have taken 1,500 courses inside the Company. But, because these 
courses fall, technically, in the area of continuing rather than strictly higher 
education, they are probably not a proper part of this story. And it would take 









I'd like, in closing, to sum up what I feel are the common character-
istics of the programs Ihave sketched and of others like them. In almost every 
case, they encourage and assume a desire on the part of the employee for 
self- improvement through continuing formal education. The initiative comes 
from the employee; and, since he is the primary beneficiary, the programs 
expect him to be willing, to a greater or lesser degree, to carry a substantial 
portion of the cost. Thus, the corporate support is not something which is 
given in the sense of an employee benefit, a bribe, or philanthropy. Rather, 
it is a sharing of the cost - - in those cases and to the degree that the Company 
shares in the benefits which the higher education confers. 
And that, without further embroidery, is the gist of one company's view 
and philosophy of corporate support of higher education for employees. 
49 
Mr. de Guigne: Thank you, Mr. Walke r . 
I am now pleased to introduce Dr. Russell O'Neill, Assistant Dean of 
Engineering at the University of California at Los Angeles, who will give us 
the university view of corporate and government support of higher education 
fo r employee s . 
Dr. O'Neill: I know it's not good practice to begin a presentation with 
an apology, but I feel that one is in order here because Dean Boelter's name 
was on the program and so many of you know Dean Boelter. I am sure that you 
are as disappointed as I am that he is not here today. I would much rather be 
with you in the audience listening to what he has to say. 
He did not write out a paper for me to read; instead, we sat down and 
talked about this for about an hour. It was our impression that this would be 
a rather informal meeting, setting the background against which some panel 
would operate a little later. So we just jotted down some notes to which I will 
refer. I'm afraid that we probably raised many more questions than we have 
answered. 
Even before I heard Provost Terman's talk this morning, I realized 
that it was not going to be possible for me to give the university view, speaking 








tough job. I'm sure that what I have to say is going to be controversial. C 
Perhaps, for the benefit of some, I ought to identify myself so that 
you can tell my "bias." I'm from the University of California, which is a 
state university but really only 600/0 state- supported. About 40% of our monies 
come from gifts, endowments, and student fees. In addition to this 1000/0, there 
is another 100% that we get for sponsored research- -from the Federal 
Government, State Government, and from industry. 
I am from the Department of Engineering on the Los Angele s campus. 
Enrollment is about equally divided between undergraduate and graduate 
students. Last year at this time, we had some what over 800 graduate students 




















Southern California industry. As a matter of fact, about 85% of our graduate 
students were employed off campus. We found that all of these students were 
taking a little over five units per semester. This means that a large number 
of graduate students took one course; some took two courses; a few, three or 
four. This gives you some idea of what my "bias" might be, although I shall 
try to avoid this as much as possible. 
I think first we shall have to raise a question: is there a need for 
highly trained engineers, and, if there is, how many should there be and at 
what level they should be? This conference will discuss these two aspects 
more fully this afternoon and tomorrow, and so I don't want to dwell on them, 
except that I must say that our program is based upon the belief that there 
is a need for more engineers and that we have a long way to go before we 
saturate the country with engineers. We feel that a large number of these 
engineers should be trained beyond the bachelor's degree. It seems to me that 
we are almost at the point where the professional engineer is one who has an 
education up through the master's degree. We are going ahead on the assump-
tion that there is a need for this kind of training and that there should be a 
fair amount of it at the master's level. I can't document this need, but I trust 
that some of you will be able to a little later. I know from specific cases that 
we are certainly short of technical manpower. I spent one month this summer 
attending a transportation conference at Wood's Hole, Massachusetts. We 
uncovered a great shortage of well trained people in this large field. We must 
do something about it if we are going to take care of the increase in population 
and our demands for increased mobility. 
Suppose we agree that we are going to have to have some kind of 
expanded program? How can this be carried out? I think one of the obvious 
things to do is to improve our teaching so that the time that students do spend 
in school is more productive. Of course, all of the universities are working on 
this in one way or other. We don't want to overlook this fact, but it is not the 
subject of this conference. Another way would be to put a larger burden on 
the parents of children and have the parents send the children to school for a 
longer period of time and support them. We could ask that the Federal 
Government increase its support for students who wish to do advanced work 
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-or we could have more support from industry. I suspect that it's this particular 
avenue that we are going to look at the hardest today and tomorrow. 
Perhaps it doesn't matter, then, how these expenses of the student are 
met. Before going into that, it seems to me that we might pause and see what 
it is we are trying to do at a university. Stating it rather crudely. I think that, 
at a university. you create knowledge--that's essentially your research 
program; you transmit knowledge in the classroom and in the laboratories; 
and you store knowledge in the libraries. These, then. are the three major 
functions of the university as I see it. 
Let's look at the transmission of knowledge first. What goes on in the 
classroom and in the laboratories? Do we really know how a person learns? 
I don't think we do. I think that we really are not in a position right now to say 
that a particular mechanism is the best of all possible mechanisms: whether 
this lear ning takes place in a small group where you have a professor and a 
few students gathered around him, or in a very large classroom like this 
auditorium or in a laboratory, etc. How important is the atmosphere in which 
this is carried on? Again, I don't think we really know for sure; we all have 
ideas as to the importance of this. but I, for one. have not seen any convincing 
data here. And, what effect does the time of day have? So, all that I'm saying 
is that it seems to me there are some very fundamental questions which are 
left unanswered at this particular time. Also, another thing that seems to over-
ride all of this, in my mind, is that there are such tremendous individual 
differences among the students who come to a university. This means to me 
that there should be a wide range of possibilities for graduate education. 
I, for one, don't believe that there is anything to prevent an individual 
from learning when he is off campus. You could have the kind of job that would 
also provide learning experiences. An individual really could be a full-time 
student. even though he were only on campus part-time. I recognize that the 
environment on campus and in industry is quite different, even though the 
laboratories look the same, etc. The objectives are different but some people 
can learn even under these circumstances. With this as a background, we can 
























aware that this is a very serious problem. Does the fact that somebody is being 
sponsored by industry make performance in the classroom any worse? Does 
industry sponsorship sort of impede or inhibit his search for knowledge? 
Now we can go from industry sponsorship down to part-time study. 
These things are all closely related. Does part-time study have a bad effect on 
scholarship? Here you are dealing with individual personalities. A large 
number of students would be much better off if they could study full-time, but 
I'm sure that we could pick out some individuals who would manage to do 
better on a part-time basis. I think we need to know more about this. On our 
campus, a large number of the faculty think that part- time students have a very 
bad effect on their classrooms, but there are some others who think that 
these part-time students offer a challenge to the full-time students. 
We might ask, "Does part-time study stretch out the graduate work too 
long?" I think, in general, it does. We have found that the number of years 
required to get a master's degree is stretching out. What had been a one-year 
program at the University of California is now longer than a one-year program 
for the great majority of our students. This raises the question, "Is a critical 
effort needed for 2. master's degree? Is a master's degree earned in one 
year's intensive study the equivalent of a master's degree earned over a 
period of three to five years?" In order to answer this question, it seems to 
me that you would have to know what the person is doing with the rest of his 
time. I believe that many jobs are such that stretching the program out beyond 
one year would do no harm. As amatter of fact, the student might really come 
out better than he would at the end of a year. 
Now, when you come to the doctor's degree, I feel very definitely that 
a critical effort is required and that the student has really to concentrate very, 
very hard over a period of time. If you do spread your doctor's work out over 
a period of many years, you don't get the same effect. 
This raises the question of how a graduate degree program differs 
from the concept of lifelong learning. I think we all agree that it is desirable 
for people to continue to go to school all their life. But should this lifelong 
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learning be degree- oriented or non- degree oriented? What is the difference? 
It seems to me that the difference is that the degree programs end up in some 
kind of commencement ceremony which is just that, a commencement. The 
graduate is prepared at the master's or doctor's level to go out and do some-
thing. The lifelong learning concept feeds education into what you are doing 
as you go along. Perhaps another way to differentiate would be to say that the 
lifelong learning notion is always directed at the problems of today and how to 
cope with them, whereas degree programs really should be pointed to the 
problems of tomorrow- -looking ahead, preparing somebody today so that he 
can do the job tomorrow. 
Let's look briefly at the creation of knowledge. I think that it is in this 
area that there has beenmore concern about the effect of industry sponsorship, 
because, if you do have a number of people coming to you part-time and 
sponsored by industry, it is difficult for student-professor groups to emerge. 
The campus then has a different characteristic. Also, problems are created for 
the faculty who are trying to buildup laboratory facilities, when they don't have 
many students around to build them up. So I suspect that, when you look at this 
aspect of the university's role, this matter of creating knowledgz, the present 
plans for industry sponsorship may fall quite short. They do not really help the 
university carry out its role. 
Now, what are some of the intangibles here? Does the fact that a 
student is employed in industry detract from his feeling that he is a student? 
I haven't really observed that it does. Perhaps some of you have, but it seems 
to me that the people who are employed by industry in Southern California are 
the same kind of people who are employed by us as teaching assistants or as 
research assistants. I can't see that being employed off- campus has had any 
great effect on them. I might ask, "Does industry support influence the way in 
which the university is run?" I haven't been able to observe any change here, 
except that I think that many of the people in the university have been willing 
to accommodate industry in terms of clerical operations, etc., assistance 
with applications, procedures, etc., but I have seen no effect on the policies 
involved. However, I don't want to generalize on this because I don't know how 





























Does the fact that students are part-time substantially reduce the 
interchange that should go on between students? I think that there is no question 
but that it does. If a student comes in for just a class or consultation with his 
professor, he is not going to have the time to talk with others. However, I 
want to point out that the university is up against fairly stiff competition in 
this regard anyway, because everyone now seems to support a lot of extra-
curricular programs. Technical societies are very, very active; companies 
run their own in-plant seminars, etc. so that many of the things that used to 
be done only on the university campus (as far as getting people together and 
exposing them to other points of view are concerned) are now being carried 
out on a pretty large scale within the community. 
I raise one question here: suppose all of the students all over the 
country were to come to campus full-time? I wonder if the campuses could 
handle them. We couldn't. Perhaps some of the others could, but we certainly 
could not handle them with the buildings that have been provided for us. We 
just don't have the space. I think that, when we look at this, we must evaluate 
all of these programs in terms oftheir output. What do we think of the product 
that we are putting out now? From our point of view at the university, we seem 
to think that our graduates would make pretty good teachers and our complaint 
is not with their quality, it's with their scarcity. We have a hard time hiring 
them as teachers because of the competition from industry. People who are 
being turned out across the country at the master's and doctor's level look 
very attractive to us. Whether they look attractive to industry, you will have 
to speak to that point. All I know is that, looking over the house organs that 
I receive, I see that a large number of our graduates receive recognition. 
They seem to be promoted at a fairly rapid rate. I take this as a fairly 
heartening sign. 
In conclusion, I wish to say that I think that industry support should 
be on a real broad basis. This is the sort of thing that Dr. Warfield brought out 
in his statistics and Mr. Walker brought out in his conclusion--that there is a 
wide spectrum of support programs for people employed by industry. There 
should be many different kinds of students coming to campus from many 
different sources, receiving all different kinds of support (some of it industrial 
support). Even the industrial support programs should be varied in their nature, 
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taking into account the fact that people are individuals. I think that this is the 
thing that is most important to us at a university: we must regard each student 
as an individual, someone quite different from the person sitting next to him. 
I think the notion of industrial support which is emerging so rapidly now 
is very important and complex. It is certainly worth devoting a whole con-
ference to such a topic instead of just one paper in a much broader program. 
It's big, and we want to make sure that, if we inspect this in a piecemeal 
manner, we don't come up with the same kind of conclusion the blind men did 
when they were examining the elephant. It's a big picture and we want to make 
sure that we get a good view of it. In this regard, I think that it would be good 
if industry helped to bring the picture into focus. Often industrial support is 
presented from one point of view, either from the point of view of the recruiter 
or the point of viewof somebody drawing up proposals which list the number of 
Ph.D.'s and M.S.'s. I think that industry shares with the university the 
responsibility for placing a premium on the intellectual accomplishment 
necessary to get the job done. 
Mr. de Guigne: Thank you very much, Dr. O'Neill. 
It has been our custom to appoint a conference Evaluation Committee to 
report at the close of the final session. As in the past, I would like to appoint 
Admiral Spruance Chairman of this Committee. I would like to ask Bob Mello 
of Army Ordnance Missile Command to serve as Vice- Chairman. Allan Wright 
of General Electric Company has agreed to serve as Committee Secretary, and 
I am inviting the following meeting participants to serve as members of this 
Committee: Dr. Mansel Keene, Dr. Calvin Warfield, Robert Knotts, Dr. Herbert 
Trotter, Dr. Robert Parden,andDr.RussellO'Neill.Mr. Wright has requested 
that the Committee meet this evening at 8:00 p.m. in the Oak Room. 
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General Schomburg: Though I am an Army man, I always welcome the 
opportunity to visit a Navy facility even when it trespasses on the great land 
mass which I consider my natural preserve. I hope my Navy friends will 
forgive me if I occasionally lapse into Army jargon during my talk. In any 
event, I want them to know that I am very happy to be aboard. 
To address the International Science Foundation is indeed a pleasure. 
And, I must say, the International Science Foundation knows how to pick a nice 
place for a meeting. It is equally pleasurable once again to visit the magnificent 
"Golden State of California" and your beautiful city of Monterey, which has 
contributed so much to our national history and culture. 
While I could go on extolling Monterey's virtues, I am really here to 
speak on the development of scientific manpower through educational programs 
sponsored by management. In keeping with this topic, my theme here, as well 
as at the home base of the Army Ordnance Missile Command, is "scientific 
teams are made, not bought." 
Before I start talking like an expert on this subject, I would like to 
qualify the Army as a maker of exceptional teams. I will do this in two ways. 
Two of our top teams attained such national recognition that they are no longer 
with us. And let me say again that we made these teams. They weren't bought. 
One of these two teams was from not far away, at the Jet Propulsion Labo-
ratory, and the other was Dr. Wernher von Braun's team of the Army Ballistic 
Missile Agency, both of which now, of course, have transferred to the National 
Aeronautics and Space Administration. Let me hasten to add here that we are 
not in the wholesale team- building business; so don't call us, we'll call you. 
My second way of qualifying the Army as expert in the team- building 
business will be by showing you actual physical results of some of our teams' 
efforts. These will speak for themselves in demonstrating the excellence of 
the teams we have created. And right now I would like to dispel any idea that 
the Army is not progressive in the technical and scientific end of its business. 
Don't be misled by the name "arsena1." Let me assure you that, in name only, 
do we bear any resemblance to the arsenals of old where harnesses for horses 
and mules and case iron cannon predominated. Our arsenals are now highly 
developed engineering centers . 
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In attaining our present status, our philosophy for making outstanding 
teams has been: 
(a) Start with good people--and, incidentally, that is where you 
of the Foundation make a contribution. 
(b) Give these people challenging assignments. 
(c) Insure proper management. 
Under this third ingredient, we insure opportunity for technical 
improvement in two ways. We insist that a small part of the technical job 
itself must occasionally be done by our own people in order to keep their hands 
a little dirty, and, secondly, we insist that they must be given the opportunity 
for and encouraged to participate in graduate education. 
To those of you who know the Army Ordnance Missile Command and 
its key mission in the modernization of our Army, it will be no surprise that 
our first consideration is for the men and women responsible for the research, 
development, and production of new missiles for the defense of our country. 
Without our continuous effort to develop well educated, well trained, 
and dedicated people, AOMC would fail in its mission. Missiles are a by-
product of our people. When you read of the firing of one of our families of 
missiles, you can be assured that it indeed has a living personality--the 
people of the Army Ordnance Missile Command--the Science-Industry team. 
Before I give you some of the physical examples which I hope will 
convince you that the Army is qualified in team-making, I think it might fit 
well for me to describe our organization for developing, producing, and fielding 
Army missiles. Let me start by describing to you our job. 
We are working on twenty-one missile programs. The Army's missiles 
range in size from a system which you can hold in your hand, such as the 
REDEYE system for bringing down low-flying enemy aircraft, to such missiles 


























All together this year the Army Ordnance Missile Command will spend 
1.B billion dollars. This is truly big business. Dollar wise, we rank sixteenth 
if compared with the big corporations of the nation. Over 900/0 of this money 
is spent on contract with private industry and institutions. 
We manage the Army's missile business through these organizations: 
The Army Ordnance Missile Command Headquarters, the Army Ballistic 
Missile Agency, the Army Rocket and Guided Missile Agency, White Sands 
Missile Range, and Redstone Arsenal, which functions as our housekeeper 
at Huntsville. 
We have people working at Huntsville, in New Mexico, the Atlantic 
Missile Range, and at Kwajalein Island in the Pacific. We have people working 
all over the continental United States and in Canada and Europe. Not to be 
outdone by the Navy, we even have an electronically equipped ocean- going 
vessel as a part of our Command. We call it the DAMP ship--please note 
that the name ends with a "P.'· The DAMP stands for "Down Range Anti-
Missile Missile Measurement Program." 
Our civilian and military strength is over 17,000. The sun never sets 
on the Army Ordnance Missile Command. In addition, we are supported by 
many other organizations of the Ordnance Corps and of the Army. For 
example, the Ordnance Tank-Automotive Command assists with the vehicular 
portions of our programs; the Ordnance Special Weapons and Ammunition 
Command does our warhead work; the Signal Corps takes care of our com-
munications; and the Corps of Engineers handles our construction and air 
conditioning in our missile systems and our power packages. 
We do only a small amount of our development work in-house--
in Government laboratories--just enough to keep ourselves knowledgeable and 
thus protect the Government through effective technical supervision of 
contractor efforts. In other words, we feel that we must have on our own 
payrolls people who can help our Army users decide what they need, help 
us describe to the contractors in their own terms what we want, keep the 
contractor from going astray as he does the job, and, finally, determine 
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whether what we get from the contractor is that for which we asked. Of course, 
there are some areas, such as propellants, microminiaturization of electronic 
components, and new computer devices, in which we possess unique competence 
and therefore pursue these types of work in-house. 
But our main strength is in people as represented by the International 
Science Foundation and our teammates on the Army-Industry-Science team. 
I tell you quite frankly that our present need is greater than ever. We 
will require the quality and quantity of support from you that we have received 
in the past. The capabilities ofthe Army's missile systems must be constantly 
improved. 
Now let me give you the examples that I promised and let me start 
in an area in which we have made outstanding progress since World War II. 
I will show and tell you where we have been and where we are going in this 
one area which is critical to missiles. This illustrates why we need well 
educated, competent people on our payrolls, people who are constantly given 
the opportunity for additional education. 
During World War II, the Ballistic Research Laboratories of Aberdeen 
were seeking an easier way to prepare artillery-firing tables and bombing 
tables. They initiated research projects in the Ballistic Research Laboratories 
and also at the University of Pennsylvania in order to determine a better way 
to accomplish the tedious and time- consuming calculations. The payoff was the 
ENIAC, which stands for Electronic Numerical Integrator and Computer. This 
was the granddaddy of all electronic digital computers; some day at least part 
of it will be in the Smithsonian Institution. Our current missile programs 
would be crippled without the help of the complex modern computers which 
have followed in the wake of the ENIAC (slide showing the way it looked at 
Aberdeen, a complete room full of equipment containing some 18,000 electronic 
tubes). This computer established the feasibility of our current digital elec-
tronic computers; it initiated a computer industry in the United States whose 













From there we went to microminiaturization with a motto, "If you can 
see it, it is too big." 
Our pioneer computer filled a large room. Our present efforts are to 
make computers small and rugged through the microminiaturization of 
electronic components. Here is a binary counter stage of a computer which we 
have microminiaturized (demonstration slide). This stage, packaged in one C cubic inch, is equivalent to twenty-four vacuum tubes and seventy- seven 
additional electronic components. One hundred electronic components in one o cubic inch~ Not only has the size been reduced by a factor of approximately 











We still weren't satisfied with this reduction in size; so we changed our 
motto: "Don't waste the molecules." Continued efforts produced an electronic 
component density of 1,490 ,000 components per cubic foot, or approximately 
1,000 per cubic inch, as compared to the 100 per cubic inch in the binary 
counter stage which I just described. 
This box contains a battery and a speaker (demonstrating binary divider 
on platform). On top is a circuit consisting of two binary dividers and one 
multi-vibrator. In this package, there is the equivalent of thirty- six electronic 
components including transistors, resistors, diodes, and capacitors, all con-
tained in a volume of 1/30th of a cubic inch. This little package has one of the 
highest electronic component densities in the world today. This time, in order 
to assure you that the assembly works, I will give an audio demonstration. 
First, I will turn on the multi-vibrator by turning on this switch. I will now 
bring in a binary divider which will very accurately divide the frequency in 
half. You will notice the change of pitch. I will now bring in the other binary 
divider which will again divide the frequency inhalf. You will notice the lower 
frequency sound. There is nothing new in the ability to divide frequencies 
accurately. I am only using this means of demonstrating this small binary 
divider and milti-vibrator package and of proving to you that it works. As an 
outgrowth of this Army development, American industry is now achieving as 
much as 50 million components per cubic foot. Molecules have not been wasted. 
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As I said before, size is going down by a factor of 100 and cost is being 
reduced by a factor of 10, and, at the same time, our electronic components 
are much more rugged and will stand a great deal more abuse. Let me show 
you what I mean. A microminiaturized radio transmitter and oscillator have 
been built into this shell- shaped object. When I turn the transmitter on, it will 
transmit an Explorer-type signal. It can be picked up on this radio receiver. 
The transmitter continues to operate even after rough treatment (the trans-
mitter is dropped). It will take much more rough treatment than I can give it 
here. 
This is where we have been. Where are we going? For at least part 
of our missile control systems, it appears desirable to abandon electronics in 
favor of a revolutionary new device basedon the use of either liquids or gases. 
We call this device a pure fluid amplifier. The Army's Science-Industry team, 
in lifting the curtain on the pure fluid amplifier, believes that it will greatly 
simplify control and fusing systems, that it can launch a new industry, and 
that it can improve the Army's missiles and other defensive weapons. 
The pure fluid amplifier may well turn out to be equivalent in impor-
tance to the development of the vacuum tube and the transistor. Instead of 
vacuum tubes and transistors, the basic units of tomorrow's missiles may 
be small blocks of metal, plastic, or ceramic, with tiny passageways in them. 
Personnel of the Army's Diamond Ordnance and Fuse Laboratories in 
Washington believe that these fluid elements are the basis for an entirely 
new industry which could rival electronics within ten years. Pure fluid 
amplifier circuits can be used to do almost anything electronic circuits can 
do: amplify, compute, remember, control, and direct, though, of course, they 
are not as fast as low-power, high- speed electronic circuits. 
Basically, pure fluid amplification is the control of a high-power 
stream by a lower-power stream. The principle is simple. If, to the side of 
a jet of high-pressure air, we apply a much smaller jet, the large jet will 
change direction. We thus control a lot of energy with a small amount, and 
this is an amplifier. This invention makes it possible to essentially duplicate 
























instead of unseen and difficult-to-handle electrons. But. let me show you a 
short film at this time which will demonstrate the great possibilities of this 
device. {Film.} 
Now. just to prove to you that this idea really works. I am going to 
give you a live demonstration. I have here a tank of butane gas connected to a 
little brass block by a rubber hose. At the center of the block is a small 
passageway. pointing up. through which gas from the tank is expelled. Above. 
there are two more passageways for this gas---one to the right and one to 
the left. At each side of the center jet, there are two interesecting passage-
ways- - jets- - at right angles. I turn on the gas and light the jets at the top so 
that we can see them. Now if I seal off the control chambers with my fingers 
the large jet appears at one of the two exit ports. The passage of the gas past 
the two side ports creates a partial vacuum. 
If I open the passageway by removing my finger at the side of the jet, 
the vacuum is relieved, the pressure is increased, and this pressure forces 
the gas to the other side. I can move it back and forth as often as I like by 
simply opening one or the other of the side jets. Those of you who are 
familiar with the electronic systems will recognize this as flip-flop; that is, 
it assumes stably one of two positions. As such, it is a scale- by- 2 counter, 
and this. of course. is a basic element of the large electronic digital computing 
machines of today. It also makes a good cigarette lighter. ideal for any of 
your two-headed friends. 
Now, let me show you a basic clock. If I connect these two side ports 
to 100 feet of ordinary tubing, I establish a feed between them such that when 
a disturbance occurs in the system, a pressure wave is generated causing 
the flame to kick to the other side, establishing a new pressure wav~ which 
travels back and forth in the tube and kicks the flame back and forth. As I 
connect the hose to the two sides, you can see this action. If we count the 
number of times it flips back and forth. we have a counter. or a timer. or a 
clock. as you please. 
Because of security restrictions, I cannot tell you of all its missile 
applications. However, pure fluid amplifiers promise to make possible truly 
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rugged all- environment automatic pilots for the Army's missiles. A pure 
fluid amplifier could be the basis for non- electrical computers or guidance 
units that will withstand severe mechanical or thermal shock and will not 
be affected by radio jamming, or atomic radiation. Hot gas servomechanisms 
will use ceramic pure fluid amplifiers and could operate from hot- rocket 
exhaust gases in order to accomplish the arming and fuzing of a missile. 
Pure fluid amplifiers will not wear out; there is no maintenance or 
replacement involved. They can be used in conditions such as high heat or 
humidity that preclude electronics. And, finally, cost is an important factor. 
When they are applicable, pure fluid amplifiers maybe printed circuit etching 
techniques should cost only a few cents each. You may see this principle used 
in your own washing machine someday, and, when this happens, there will be 
few occasions for your wife to call frantically to say that the washing machine 
is not working. 
There are some moving parts in missiles, such as gyroscopes, which, 
for best operation, require almost frictionless bearings. Bearings lubricated 
by standard means just won't work. As a result, the Army Ordnance Missile 
Command developed what we call the "air bearing." Instead of oil, this bear-
ing uses a cushion of compressed air. 
Here is such an air bearing. (Demonstration.) Between these two 
disks of steel are small holes which supply the air at a pressure of about 
141bs. per square inch gauge. This holds the two disks approximately 1/1000 of 
an inch apart. I'll spin the PERSHING model and let's see how long it goes. If 
I don't talk too long, it should still be going when I finish. 
I have here a precision infrared tracker which was developed by per-
sonnel from my Command in order to track incoming ballistic missile nose 
cones at the Atlantic Missile Range. This device will detect and track with 
great accuracy a target emitting energy in the infrared frequency spectrum. 
Since it is a passive device which depends upon the omission of energy from 
the target, it possesses certain inherent advantages over radar, which is 
dependent upon a reflection of its own signal. Of primary significance is the 















[ secondarily, it is much less complicated than an equivalent radar with its 
sophisticated electronic s. This particular device employs the normal, infrared, 
L 
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sensitive, lead- sulfide- coated detector which, together with associated elec-
tronic circuitry and control motors, maintains the tracker lead in proper 
alignment with the target. 
The infrared tracker which you see in the back of the room will 
operate completely on its own and without outside assistance. The heat source 
that it will follow will be the end of a lighted cigar which I will now present 
to Mr. Mello. So that you will be able to observe the tracking of the tracker, 
I have had a small spotlight mounted on the tracker. As Mr. Mello moves 
[ around the platform, his cigar will be followed by the tracker, and, of course, 
he will remain in the spotlight regardless of where he goes. Incidentally, you o might like to know that Mr. Mello is a non- smoker. Since he will not be able 









Here is the REDEYE SIMULATOR. This training device is similar to 
the tactical combat weapons system having the same configuration, weight, 
and balance. In the nose of the missile is an infrared sensing device which 
seeks and locks- on objects radiating energy in the infrared frequency region. 
When aimed at a heat- radiating target, a signal or tone is heard, which 
indicates that acquisition has been accomplished and the REDEYE operator 
can fire. Preliminary tests have been conducted with this SIMULATOR to 
determine the capability of a REDEYE operator to detect, track, and fhoe at 
aerial targets. Test agency evaluation of these is scheduled for completion 
in October. 
These are the kinds of results which we believe have been made 
possible by our wholehearted support of the policy which has been adopted by 
the Federal Council for Science and Technology on April 26 of this year. This 
policy recommends in essence that' 'in planning for the establishment of major 
research facilities, it is recommended that every effort be made to assure 
that properly qualified scientists in the particular field of science have access 
to federally financed facilities consistent with optimum utilization of the 
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facility concerned. This would have the effect of intensifying and expanding 
those cooperative arrangements which have been traditional among university 
scientists.' , 
I firmly believe this policy should be applied in both Government and 
industry. Let me tell you of some of the things we have been doing and are 
doing at Huntsville in furtherance of this objective. We not only say it, we 
do it! 
In order to provide instructors for graduate courses, we are presently 
giving active support and leadership to the establishment of a research institute 
in the Huntsville, Alabama area under the direction of the University of 
Alabama. Such a research institute will at the same time enhance the pro-
fessional environment in our area to the advantage of our people, the con-
tractors, and industry. 
We are proud of Our graduate study program at Redstone. To attract 
and hold competent engineers and scientists and other professional people, 
management must make available the necessary graduate-level courses to 
meet the needs of its personnel for continued study in their field and an 
opportunity for them to obtain higher level degree s. When an installation or 
firm is not physically located near a college or university which provides such 
instruction, it is necessary to bring the activity to the local area through 
close support and cooperation with an institution of higher learning. This 
support was given to the University of Alabama when we jointly established a 
graduate-level program at Redstone Arsenal. Classroom facilities and 
laboratories on the Arsenal were made available to the University, and, in 
addition, AOMC assisted the University in staffing its faculty by encouraging 
qualified personnel from our work forces to participate as part-time in-
structors. Employees are urged to attend the graduate-level courses, and, 
when such courses are needed in the work- related development of the 
individual, the tuition costs are borne by the Government. Due to the recent 
establishment of the George C. Marshall Space Flight Center, a joint program 
will be conducted this year. The White Sands Missile Range in New Mexico has 





















our personnel participated in these programs last year, and an even greater 
participation is expected this year. To keep abreast of scientific developments, 
military and civilian personnel are also enrolled in special advanced courses 
and seminars at universities and colleges throughout the nation. As an 
example, many of our professionals participated in the special programs 
during the summer months at MIT and Pennsylvania State University. 
Top management support of graduate and advanced training is not the 
only area of consideration. Equally important is the backing necessary to pro-
D vide undergraduate study. Here again, management must assist higher educa-












employees in order to foster self-development opportunities to meet the 
industrial and governmental needs of the community. A good example to 
illustrate what top management's policy can achieve in support of higher 
education is the University of Alabama's Huntsville Center. Several years ago, 
with the support of our people, the University of Alabama established an 
educational center offering undergraduate engineering and scientific courses. 
The University Center now offers college credit courses which include the 
first three years in engineering and arts and sciences. Also offered are the 
first two years in commerce, business adm.inistration, and education. This 
facility has been so successfully operated that a new $750,000 building, 
housing classrooms and laboratories, is nearing completion. Until this time, 
the Center has been using the facilities of a local high school. 3,100 students 
were enrolled last year, and an even greater participation is now expected. 
The majority of the students are military and civilian personnel from elements 
of the Army Ordnance Missile Command. I am. proud to note that nearly 20% 
of last year's enrollment consisted of military personnel. 
Cooperative education which consists of alternating academic periods 
with industrial work experience and on-the-job training has gained momentum. 
Today this form of education is expanding rapidly through cooperative efforts 
of higher educational institutions, industry, and government. One of the fore-
runners in the Government is the program being conducted at the White Sands 
Missile Range, an element of AOMC, in cooperation with the New Mexico 
State University. Students in programs such as these are able to witness and 
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participate in the practical application of their studies as they proceed with 
their academic training. At the same time, the student, upon graduation, is 
already familiar with the policies and practices of the employment agency, 
thereby entering full production at an earlier stage. Also, we have found that 
these "co-op" students are, on an average, of a better quality than most of 
the college- educated young men whom we employ. I believe that those organiza-
tions which do not participate in such programs should give careful consider-
ation to cooperative education as an additional source of future personnel 
needs . As of the end of our fiscal year, last June 30, elements of my Command 
employed nearly 400 "co-op" students from twelve participating colleges and 






support of top management and full cooperation with our nation's colleges C 
and universities and other institutions of higher learning. Industrial and 
governmental leaders must establish close relationships with higher-level C 
educators and administrators, so that each is cognizant of the other's 
respective needs and problems. The support of higher education is vital to 
both our civilian and military career programs. Such programs involve, of 
course, leading the potential employee through a series of developmental 
stages or orientation, special projects, and on-the-job training, most of which 
is conducted by institutions of higher learning. I am sure most of the organi-
zations represented here today have programs of this nature, either formal 
or informal. 
We are also proud of the career program for army officers. I would 
like to tell you of some of its highlights for officers in the Ordnance Corps. 
We have aprogram called' 'Operation Bootstrap." This is for an individual who 
lacks less than twelve months of completing his college education and desires 
a degree. If he is qualified, the Army will send this officer to college where 
he will continue to draw his pay and allowances until he receives his degree. 
The Ordnance Officer Career Program is designed to provide pro-
gressive, long- range development of each officer member of the Corps 
through appropriate schooling and on-the- job training. Ordnance officers serve 











active theater to commanders of research facilities in the continental United 
States. They are expected to have basic, fundamental knowledge of the opera-
tions of an activity sufficient to manage and coordinate effectively the work of 
their specialist subordinates. Officer contributions stem from a thorough 
knowledge, gained through experience, of a variety of assignments of the 
mission and operation of the Corps as a whole, which enables them to guide a 
particular activity consonant with the overall Corps mission, as well as 
general managerial and leadership competence applicable to any activity 
which they are assigned to command. The Ordnance Career Program consists 
of four major periods: the military development period, ordnance development 
period, intermediate level, and the command and staff period. 
I would like to elaborate just a little more on our officer schooling. Per-
haps I should start by telling you that out of thirty years of active duty, the 
average regular Army officer spends three to five years in Army and civilian 
schools. In addition to attendance at the ordnance basic and advanced COurses at 
the Ordnance School, which is mandatory for all Ordnance officers, selected in-
dividuals are assigned each year to the Army-wide courses at the Command and 
General Staff College, Armed Forces Staff College, Industrial College of the 
Armed Forces, and National War College. In addition, selected junior officers 
are enrolled at the graduate level in the leading civilian technological educa-
tional institutions. The course s normally lead to a Master of Science degree in o engineering, and certain selected officers are continued through the doctorate 
level. As a matter of fact, it was this kind of inducement that got me into the o Ordnance Corps just over twenty years ago. At that time I was an Infantry 
Officer and I was enjoying myprofession, but I was offered an opportunity to go 
to MIT andobtainamaster's degree in mechanical engineering. This I could not 






Now that I have told you what we are doing in the Army Ordnance 
Missile Command in support of higher education for our employees, I want 
to show you some more of the by-products of higher education that have been 
produced by professional talent, the Army's great Science-Industry team. The 
efforts of this team, composed of military and civilian employees and 
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contractors, have been far more rewarding than we could have ever antici-
pated. I have with me several short films recording some missile achieve-
ments. I feel certain that, without the professional advancement made possible 
by our nation's institutions of higher learning, these could not have become 
a reality. 
To the ranks of the uninformed layman, the idea of intercepting a 
ballistic missile may appear utterly impossible. As a result, he may dismiss 
the idea and decide that his security lies totally in his country's retaliatory 
powers. 
Hitting amissile with amissile is not impossible. In fact, the successful 
accomplishment of such a feat is now history. Let me first show you how easily 
our HAWK missile can bring down a high- speed jet aircraft. The HAWK 
system is completely on wheels and is mobile enough to travel anywhere with 
the field army. It was primarily designed to bring down aircraft that fly close 
to the ground or, to use Navy jargon, "close to the deck." Normal anti-
aircraft systems are defeated by ground clutter under these conditions, but 
the HAWK can do more than bring down a jet plane. (Film on HAWK vs. 
HONEST JOHN and LITTLE JOHN missiles.) 
Now let me show you what the HERCULES can do against our guided 
missile, the CORPORAL, and finally against another HERCULES missile 
(::l.nother film). This is the first time (to our knowledge) that a missile has 
brought down a guided missile, and the CORPORAL is a guided missile. It is 
a 75-mile missile which has been in the field for nearly eight years, and, in 
this firing, was launched by troops at White Sands Missile Range. 
In this film, the HERCULES is brought down by another HERCULES 
missile nineteen miles above our White Sands Missile Range where the inter-
cept took place. The combined closing speed of the two missiles was better 
than seven times the speed of sound. 
I think you will agree that the se are phenomenal achievements which 



























It also proves that, with the right people and with people who are properly 
motivated, practically nothing is impos sible. 
Here's the ZEUS missile being launched in a test at White Sands 
Missile Range (another film). It develops more thrust than any solid propellant 
engine fired to date. The ZEUS is one of the most important missile systems 
currently under development in the United State s. 
Let me clarify a possible misunderstanding. You just witnessed both 
the HAWK andHERCULESmissiles intercepting other missiles and undoubtedly 
wonder why the ZEUS anti-missile missile development is so vital to our 
nation's defense. May I point out that these interceptions were conducted 
under controlled conditions, without the element of surprise and at relatively 
low altitudes and target velocities? Interceptions of ICBM warheads, with 
probable nuclear components, is a far more difficult task. In this case, the 
velocities to be encountered make the system reaction time extremely 
critical; and the desire for early interception necessitates long- range, highly 
accurate radar systems as well as a powerful rocket with great acceleration. 
Consider, for instance, the problem of determining when and how to detonate 
the ZEUS warhead if the combined velocity of ZEUS and target is in excess 
of twenty times the speed of sound. Despite these exceedingly stringent re-
quirements, we are confident that the ZEUS system will fulfill our expectations. 
In conclusion, may I reiterate that significant technological achieve-
ments such as those I have just demonstrated require the coordinated team 
effort of dedicated and well educated scientific personnel? In order to obtain 
personnel of this caliber to fill future personnel needs, both military and 
civilian top management must collaborate with our educational institutions 
in establishing cooperative programs and in providing university and college 
extension centers which are readily accessible to employees. Scientific 
teams with the knowledge and skill necessary to achieve major technical 










































































Mr. Knotts: It is with regret that I have learned that Mr. Champion 
will not be available to preside over the panel discussions this afternoon. 
Taking his place will be an old friend of mine from Southern California, 
Dr. Robert Vivian, the former Dean of Engineering at USC and now at the 
Engineering School at Long Beach State College. 
Dr. Vivian: In substituting for Mr. Champion this afternoon and taking 
the place of our good presiding officer, Chris de Guigne, I will try to be a 
model chairman and keep things on schedule as much as possible given this 
late start. Talking about being a model chairman reminds me of the story of 
the husband who, when he went home and was called a model husband, looked 
it up in the dictionary. It said in Webster's: "model--a small imitation of 
the real thing." 
You will notice in your program that you have four panel sessions 
this afternoon with many distinguished participants. In order to shorten the 
program, it's been decided that the summary of these panel discussions, 
which was scheduled to occur at the end of this afternoon's session, will be 
postponed until tomorrow morning. We hope thereby to get back on schedule. 
I'm exceedingly interested in all this discussion because I feel--and 
I'm sure all of you do--that the greatest asset that our country or any nation 
has is the training and experience ofitspeople. And that's what we are talking 
about in our discussions here--how best to secure this. 
I'll now turn the session over to the moderator of the first panel, 
Robert Knotts of the Graduate Study Council, Lockheed Aircraft Corporation. 
His panel will discuss the basic needs, philosophy, and motives of industry-
and government- sponsored graduate study programs. 
Mr. Knotts: I would like to read something which will serve as an 
excellent point of departure for our panel discussions: "The purpose of the 
panel is to determine the roles of industry, government, and the university, 
both individually and collectively, in sponsoring graduate study programs to 
further the development and increase the productivity of scientists and 
engineer s." In our particular section this afternoon, we are inquiring into the 
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basic motives and needs of industry in this business of supporting graduate 
education. One of the items which comes to mind is the actual need of industry 
for the products of these programs. We have, perhaps, been exposed to the 
idea that our most vital need is for highly qualified technical personnel. 
I should like to introduce the members of my panel: we have Mr. 




Am.erican Society for Engineering Education; Dean Vivell of the U.s. Naval [ 
Postgraduate School; Dr. Shamis of New York University and former Co-
ordinator for the Bell Laboratories graduate program in connection with [ 
New York University; and Mr. Paul Patterson, currently a pre-doctoral 
student at Stanford under Lockheed sponsorship. 
I wonder, Joe, if you would care to comment briefly about your 
company's attitude or your own personal experience with regard to the need 
for outstanding capable scientific personnel. 
Mr. C ryden: I think that our experience has been the same as that 
described this morning. I don't think that I can add much to what was said 
at that time. I will say this, however: Litton is one of the newer and younger 
companies in the electronics field. We are scarcely more 'than seven years 
old although, in size and volume of business, we rank among the largest of 
the electronics corporations. As such, we are well aware of the fact that our 
future success depends in no small measure on what our engineers, scientists, 
and mathematicians can produce. 
We are fortunate in being able to follow the lead of some of the 
companies represented here. I think our major problem in setting up and 
supporting educational programs is this: as a new company we are very much 
concerned with growth and expansion. Because our top management people 
find these problems so pressing, it is difficult to get them to concentrate on 
educational programs as much as we would like. However, we are off to a 
good start. At Litton, we have a graduate study program that enables employees 
to attend school half-time and to work half-time. We pay full tuition. In 



























however, that, in all this, we are following the fine example of other companies 
that have set up some very outstanding programs. 
Mr. Knotts: Thank you, Joe. Dr. English, do you have a reaction to 
this need for skill? 
Dr. English: Yes. I don't think that we really need to argue the question 
of need so much as the question of the means of taking care of the need. I 
think everybody agrees that what we are talking about is the need for more of 
the ve ry top-level enginee r s . 
Dr. Terman this morning, in discussing this aspect of the question, 
pointed out that there are three ways in which graduate programs are being 
taken care of in the United States today. These three different methods can 
be rated in terms of their merit. He emphasized the need for the best one--
full-time graduate work in the university. I don'tthink anybody in a university 
community would quarrel with the rating of these three methods, although we 
at the University of California in Los Angeles have a very high percentage IJ 
graduate students who are following their degree objectives by the least 
desirable of the three methods. Now why is this? Basically, it's because they 
lack the necessary support to enable them to follow the more desirable method. 
Dr. Martin of the University of illinois, at the ASEE meeting at Purdue in 
June, pointed out that, for every master's degree equivalent, there is $11,000 
spent on sponsored research. Now, if students undertake to obtain their degree 
while working in industry, in effect industry is supporting this objective some-
what indirectly. 
There is a second point I wanted to make, and I think it's a most 
important one. Mr. Walker of General Electric this morning alluded to it and 
I should like to underline it. We should not look upon the contributions of 
industry to graduate study as donations, gifts, or support but rather as an 
investment, as a capital investment, if you will. And, when industry examines 
its motives in making capital investments and the areas in which it can make 
capital investments, you will find that they are very limited. They can invest 
capital in tools, plants, equipment, etc.; they can invest it in creating a 
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corporate im.age through advertising and other m.eans; they can invest it in 
research; or finally, they can invest it in people. And I would subm.it that the 
highest pay-off in investm.ent dollars is in people. Therefore, if industry is 
not putting enough m.oney into people, it is not taking advantage of its most 
profitable opportunity for investm.ent. 
Mr. Knotts: Now that we have discussed this m.atter of need a bit, I 
wonder if we could m.ove on to another subject which is very critical insofar 
as m.anagem.ent's attitude toward these program.s is concerned. It has to do 
with the criteria which m.ay be used to m.easure the relative value in one form. 
or other to the com.pany. For exam.ple, som.e com.panies just use an index 
of turnover to say whether or not they feel that their investm.ent has been 
protected. This would assum.e, I suppose, that, if nine out of ten graduates 
who had received com.pany support stayed with the com.pany, the com.pany 
would be well satisfied; whereas if only two out of ten stayed, they would be 
trem.endously unhappy. Other criteria m.ight be the scientific contributions 
m.ade during the tim.e that the individual was an active m.em.ber of the program.. 
Dean Vivell, I wonder if you have som.e reaction to this business of 
m.easuring the value of these program.s to industry or governm.ent. 
Dean Vivell: I am. afraid that's determ.ined on the New York Stock 
Exchange, more or less. The ones that don't profit very soon go out of 
existence or have a great deal of trouble. I think, ultim.ately, when you com.e 
right to the point (rather than try to assess anyone of these factors or use 
any single yardstick) our dem.ocratic system. of com.petition is the best index 
that we can have. I think that the real problem. is to educate the people who are 
going to be productive, and I'm. afraid one of the basic problem.s is that we 
don't have m.ore than a m.axim.um of about 20/0 of the general population 
available. 
I would take exception to the figure of 15%. If we look at one of the 
distribution curves of 10 (we m.ight get Dr. Term.an to provide som.e factual 
inform.ation on this), we see that people who are going to be really productive 




























This is less than 5"/0 of the population and this is where the big pay-off comes. 
It's a question of balancing science, applied science, and support technology. 
You can make so many mistakes in so many different ways that I'm afraid I 
would depend on the ticker tape for the ultimate answer. 
Mr. Knotts: Thank you, Dr. Vivell. Dr. Terman, do you have a 
comment on this intelligence angle? 
Dr. Terman: No, I'm in electronics. 
Mr. Knotts: Dr. Shamis, from your experience at New York University, 
do you have a comment about the attitudes of Bell Laboratories with respect 
to this question? 
Dr. Shamis: The program which New York University conducts at the 
Bell Telephone Laboratories has been in existence for the past three years; 
it leads ordinarily to a master's degree at the end of two years. The Labo-
ratories have lost some of their employees who have received degrees on 
this basis. In some instances these people have joined other companies, 
while in others employees have been granted a leave of absence from the 
Laboratories to pursue doctoral studies at some university. 
The Laboratories encourage doctoral studies but not to the extent 
that one might be inclined to think. Such studies are supported on the basis 
of a so- called eDT Fellowship, which is awarded annually to one or two 
students who stand highest in the class at the conclusion of the eDT program 
(the eDT program consists of the two-year University master's sequence 
followed by one year of company technology courses). These are the only 
employees of the Laboratories to receive full support to pursue advanced 
graduate studies; other graduates in a given class who want to go on to the 
doctorate may do so at their own expense on a leave-of-absence basis, as I 
remarked earlier. I do not know of any figures presently available which 
indicate how many of these people the Laboratories have been able to retain. 
While these losses appear to be small to date, it is somewhat early to draw 
conclusions since the program is but three years old. 
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Mr. Knotts: Thank you. Mr. Patterson, I wonder if you have any 
thoughts on the criteria that co:mpanies and govern:rnents :might use to measure 
the relative success of the graduate study progra:rn. For exa:mple, one :might 
be advance:ment on the job. 
Mr. Patterson: This is one thing, of course, that is i:mportant to the 
participant co:ming into the progra:m. What is the co:mpany's attitude toward 
hi:m? Why is he being given this opportunity? Is it just going to train hi:m to 
add to the industry-wide pool to :make these technical skills :more available 
to industry in general? Second, the company could be :more de:manding and 
expect you to stay with that co:mpany. It's true that co:mpanies do prefer that 
you stay but, in general, this is not their pri:me consideration. Third, are they 
offering you this opportunity :merely as an e:mploy:ment gi:rnmick to get the 
guy next to you? In other words, are they going to go around next year with 
your picture on a little brochure saying, "Look at what we are doing for these 
fellows. Wouldn't you like to co:me work for us? You :might be able to get on 
this progra:m. JJ 
Mr. Knotts: Do you object to this, Paul? 
Mr. Patterson: Well, no. There's one thing, however, that I did want 
to :mention someti:me in this discussion and that is who are the students the 
industries will get? I think, by and large, the majority of graduate students 
would prefer to be on ca:mpus and study full-ti:me for their advanced degree. 
And those--especially those who are single and who can afford it--will take 
a fellowship or teaching assistanship whenever possible. Others like myself, 
who are :married and have a family, cannot afford to go to school on about 
980/0 of the fellowships. All of the NSF fellowships are too s:mall. And so about 
90% of the fellowships that are available to us :married men are the industry-
sponsored ones. Also, the Single people who cannot get assistantships and 
fellowships will, of course, apply for every kind of fellowship and take what 
they can get. 
Mr. Knotts: Is there any co:m:ment on this so far? One very significant 






































want to get into it. On the one hand, one company decided to hire all new 
technical employees who would go into a graduate study progra.n1. After talking 
with Dr. Shamis, I believe this is virtually true at Bell Laboratories. In other 
cases, these programs are regarded in the "honors" category and are only 
offered to individuals who show exceptional promise and have exceptional 
recom.m.endations backing them up. Joe, I wonder if you have a quota in your 
company and how this is established. What were the considerations in setting 
it up? 
Mr Cryden: Yes, we do have a quota. This quota depends on what the 
laboratory managers feel will meet their needs. In other words, the quota 
depends to a considerable extent on the way the program works. If the men we 
hire under this program give outstanding performance and show considerable 
improvement as their education continues, the quotas will be increased. We 
only started our program this year. At this time the supervising engineers 
seem well pleased with the program. This is good for our program. We must 
also confess that the program is an effective recruiting device. It attracts the 
better engineers. This, too, pleases our managers. 
This does bring up one point: We are introducing artificial motivation 
for advanced degrees. In other words, men go back to school not because they 
feel this will make them better engineers but because the degree is something 
like a union card or a prerequisite tohigher salaries. The danger here is that 
degree programs become diluted by those schools which succumb to the 
pressure of large numbers who are primarily interested in the degree rather 
than in the education. I think that one of our primary jobs, then, is to con-
centrate on some of the points that have been brought up at this meeting: just 
what is good education? how do you educate people to do a professional job, 
to be creative, and to best use the knowledge that they acquire? This is some-
thing I want to emphasize. 
Mr. Knotts: That's an excellent point. Dr. John Suttle ofthe Lawrence 
Radiation Laboratory. 
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Dr. Suttle: I think that what we are trying to do is really effe'ct a 
compromise between what the student would like, which is to be full-time on the 
campus where he has a complete graduate study program, and what the 
organization would like which would, say, be a full-time, 40-hour work week. 
If you are going to achieve some happy compromise, you've got to split down 
the middle. We have triedat the Lawrence Radiation Laboratory, and previously 
at Los Alamos, to allow a student to show what he can do by taking certain 
selective courses in which he pays his own tuition, or at least part of the 
tuition, so that he really has to work for it. He doesn't get this money back. 
Then, if he produces, the Laboratory will pay his full salary to go in to 
Berkeley (let's say for a semester ifit's a master's program) to complete the 
twelve units and get his master's or for a year if it's the Ph.D. program. He 
has full salary andcanmovehisfamilyin or stay where he is; he's on his own. 
Mr. Knotts: Thank you, John. Dr. Shamis. 
Dr. Shamis: I would like to comment on the remarks which Dr. Suttle 
just made regarding the fact that we must effect a compromise between what 
the student wants on the one hand and what the company objectives are on the 
other. There is a third very important part involved: the university . .Any 
arrangement which is set up not only must satisfy the needs of the student and 
the company but it must present some real advantages to the university as 
well. I believe that this is of paramount importance in determining the profile 
of the particular program which is contemplated. Dr. Terman indicated this 
morning that he regarded an on- campus program as the most satisfactory 
type. This is certainly true from the standpoint of both the student and the 
university, and I believe, in the long run, that this is also true from the stand-
point of the company. There are, of course, compromise arrangements which 
are also effective; the benefits which a university may derive from such pro-
grams have already been discussed. 

































Dr. English: I think that even beyond the third party there is a fourth, 
and that is the nation or society at large which is very much interested in 
the advancement of the student. I also think we can take it for granted that the 
men with whom we are dealing want to advance at an optimum rate and that 
they want to reach the point in life where they, over their lifetime, are going 
to make the greatest contribution. The company that's supporting them wants 
this too, in a sense, although the company often may appear to be looking at 
it from a short- range viewpoint because it is not at all sure that the men will 
stay with the company for life. This presents, of course, a real problem for 
the corporation. Nevertheless the program which should be supported is the 
one that will in the long run provide the greatest pay-off. I think in turn we'll 
find that the corporate return from investm.ent in education is not inconsistent 
with the objectives of the man for his education. 
Mr. Knotts: I think there is one other question into which we might 
inquire a little bit. And this has to do with the actual authority for establishing 
a program. of this sort. Actually, these programs may be established by the 
operating line organization as a part of the cost of doing business, or they 
may be subjected to a more formal type of authority where members of top 
management meet and decide that they should have a program of this type. 
Even the president of the company may be very conscious of the needs of 
young people who are outstanding technically and decide that he should request 
that a program be established. I wonder, Joe, if you would comment on the 
authority for establishing a program. 
Mr. Cryden: Well, one thing I've been thinking, and I think this is 
generally true, is this: doesn't Uncle Sam really pay for all these programs in 
the defense industries? Aren't they reimbursable? If this is the case and 
since we know that it's good for the country and good for the company to do it, 
we really don't have to worry about the authority. I think all management is 
in favor of these programs, and it's then a matter of the mechanics of how 
to set them up. 
Mr. Knotts: Any comment on that? 
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Dr. Terman: I'd just like to make the observation that there are 
certain programs where, in the end, money is paid out by Uncle Sam, but the 
number is limited. Most of these industrial programs, the ones with the 
private universities (virtually all of them except your Bell Labs one, which I 
think is fully self-financed, and this one at Stanford) try to operate on tuition 
fees. And basically, if it's a good program, there tends to be a subsidy on the 
part of the institution which is somehow contributing through its endowtnent, 
gift funds, etc. If the institution is a tax- supported institution, it's not the 
Federal Government that is supporting it; it's the state and local governments 
that are through taxes. 
In taking advantage of these programs I think that industry should 
recognize the fact that, unless it is paying considerably more than the tuition 
of a private school, the programs are also subsidized by another source. 
Mr. Knotts: Fine. Dr. Vivell, do you have any comment? 
Dr. Vivell: Well, my comment is still the same. I think we need to 
find the talented and motivated people as quickly as possible and get them 
through school as quickly as possible. I think it's a well recognized principle 
of psychology that there is an optimum. time when these things should be done. 
If study is prolonged you are defeating part of the purpose and making the 
job more difficult. 
Mr. Knotts: How do you think, then, Dr. Vivell, we should go about 
finding these people? 
Dr. Vivell: I like the Bell Laboratories approach, myself. Make them 
produce. If they are not motivated to produce, they can have all the talent you 
want and still not be effective. 
Mr. Knott s : Any comment on that, Paul? 
Mr. Patterson: Speaking as a slightly experienced former teacher, it 

































Mr. Knotts: In connection with Paul's observation which I think is an 
excellent one, I'd like to invite your attention to an article which appeared some 
years back in the Scientific Alnerican. The article discussed the background of 
United States scientists. All of the scientists under discussion had the doctor's 
degree; they came from the various disciplines of science, both natural and 
physical, and included some of the social sciences and psychology. The study 
purported to show the per capita production of Ph.Do's per institution in 
relation to the institution's total study body over a number of years. On this 
basis, for example, Reed College in Portland, Oregon was a most productive 
institution. The question is then immediately raised: what do they have at 
Reed College that they do not have at other institutions where the production 
of scientists is not as great? And it came right back to this very point that 
Mr. Patterson has made. That it is a relationship, an inspiration between the 
professor on the one hand and his talented students on the other that makes 
the great difference. 
After about five years' observation of this business with the Lockheed 
Missiles and Space Division, I have seen men come in, very highly motivated, 
until they face this combined work and study program which is no child's play. 
When I went to school I earned my way through by working nights, and I did 
many things from washing dishes to working in service stations; but, although 
I was tired, I was still able to be fairly productive in school and I got good 
grades. On the other hand, let's look at what faces these people who are in 
graduate study programs. In our company, these men are "on direct hours." 
That means they must be creative and productive or they don't stay. Per-
formance on the job is one of the principal factors in our graduate study 
program at Lockheed. A dual responsibility exists and it is not every student 
who is capable of carrying this dual responsibility. He could do one, or the 
other, very nicely, and I think this is a point that has been brought out by our 
people on the panel here. The optimum arrangement certainly is to have a man 
go to the university full time; he gets through sooner, he is perhaps much more 
effective, and it is a much more economical utilization of his time. But if this 
is not possible, do we want to lose these young people? I think that the answer 
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is probably "no." And that is why wehave these graduate study programs; we 
are seeking for these programs people who are capable of managing their time 
so that they can be productive in both areas. 
Mr. Thompson: Mr. Knotts, may I interject a word or two? When an 
organization has contributed to the education of a young man, the young man 
may leave the organization insofar as being on its payroll is concerned, but 
sometimes he does the company that educated him more good elsewhere than 
he would have done if he had stayed. I've heard, when we at Federal Pacific 
E lectric were competing with General Electric, the following statement: "Oh, 
he's a General Electric man; you can't talk Federal to him, you know." So we 
need not feel that everyone who goes into other fields is a total loss. 
Mr. Knotts: Mr. Walker. 
Mr. Walker: I think this question of interest and motivation is a long-
range one. We have to create this interest even in the primary grades. I don't 
know if you know that General Electric puts out comic strips on our place in 
space which are sent out to the primary grades. I believe we have distributed 
119,000,000 copies to the 30,000 schools that have requested a series of this 
sort. I think this interest and motivation starts very early in life; in order to 
get more engineers, to get more interest and motivation, you have to make an 
investment, even in the primary grades. 













more successful than any other company in holding our people. We recruit [ 
between 800 and 1,200 each year, and we actually only hold about 500/0 of the 
top students. But they go to our customers and they go on installation jobs as C 
application engineers; they are still good friends of the General Electric 
Company and we are very happy to have them where they are. 
Mr. Knotts: This particuh.r subject, protection of company investment, 
very naturally falls under the economics and evaluation of these programs and 






















Summarizing, then, we have had several questions raised. What can a 
student expect from a graduate study program as such? Is it just a recruiting 
program? Is there a compromise between what industry and the student can de-
rive from the program? Is this the important question? Of the various questions 
which have been raised, this matter of motivation in relation to the basic needs 
and motives of a company seems to be a very important one. I wonder if there 
is agreement on the panel that this might provide a very provocative question 
for the panel tomorrow morning. Would you agree to that, panel? 
Dr. Shamis: I would like to add, in this connection, that it appear s to 
me that people in industry must establish for themselves whether it is a 
training program which they want or an educational program. Dean Vivell, 
this morning, referred to the contrast between training for future needs on 
the one hand and training for company requirements at a particular time on 
the other. I think that we might broadly define the attempt to satisfy the last 
need as a training program, while satisfaction of the first need must be 
effected through an educational program. 
Mr. Knotts: Thank you very much. Any further comment from the 
panel? 
Mr. Patterson: I'd like to make one comment. I think there are two 
aspects to advanced education. One is learning the tools and the other is 
learning how to use them. You can go to class and take notes and study and 
you learn what the tools are, but the only way you can learn how to use them 
is to spend time with the professor doing original research in some field, 
seeing how he has used them, how others have used them, and then you learn 
how to use them. I think that industry, in considering what it expects to get 
out of the program, should assess the value of the graduate study program in 
which the student just goes to class and does not have enough time to spend at 
the university. If all industry wants is technicians, it can send them to school 
and that gives them c1asswork, but if it wants educated individuals, it will have 
to give them time to spend at the university. 
Mr. Knotts: Thanks, Paul. One final comment. 
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Dr. English: I should like to disagree with the motion that we need to 
be concerning ourselves with motivation of students at the graduate level. I 
think that, by and large, this problem tends to take care of itseU. The students 
are motivated students. There are many more motivated students than there 
are people to be supported in graduate programs. 
Dr. Shamis: Maybe it's really an artificial motivation, for the degree 
means a better job or more money. 
Dr. English: I don't think that this is the most productive point to 
focus upon in order to raise the total output of high-level graduates. 
Mr. Knotts: Well, then what do you think is the most important 
question? 
"'Jr. English: Our support. 
Mr. Knotts: This is a very critical question. I should like to thank 
the members of this panel for their help and their comments and to turn the 
meeting back to our chairman, Dr. Vivian. 
Dr. Vivian: Thank you, Bob. During the course of the discussion, I 
was thinking that I'd be willing to bet that all the people here were sufficiently 
motivated to go ahead on their own and work without outside subsidy to get 
their graduate degree. So it can be done with hard work, too! Of course, with 
government and industry subsidy, a lot more people will get the degree. 
The second panel will now discus s the organization, administration, and 
operation of industry- and government- sponsored graduate study programs. 
The moderator of the panel is Robert F. Mello, Director of Civilian Personnel 
for the Army Ordnance Missile Command. 
Mr. Mello: I would like to introduce to you our first panelist, a man 
whom I have known for some time, Dr. C. Mansel Keene. Mansel is a product 
of the West Coast, and everything he has learned that is worthwhile, he has 
learned out here! He has only expanded on it since he left! He is the Chief of 


































Division, he is concerned with test qualifications and job evaluation for Civil 
Service throughout the United States. He has rather positive ideas about the 
subject of administration and operation of graduate study programs, most of 
which he learned at Stanford where he received his B.A. and his Ph.D. in 
psychology. You may have heard the story of the two brothers: one went to 
sea and the other entered government service. Neither of them has ever been 
heard of since. Dr. Keene does not follow this rule, and I would like to 
introduce him to you now for his comments. 
Dr. Keene: I was reminded, as we were having a rather lengthy 
deliberation of our panel topic at breakfast this morning, of the draftee in 
World War II who was able to convince the examining doctor that he was 
virtually blind. Later in the day, the medical officer dropped in at a nearby 
movie to relax. He found the draftee he had excused because of blindness 
occupying the seat next to him. The gentleman in question leaned over toward 
him and asked, "Pardon me, could you tell me when this bus leaves? I've 
been sitting here quite a while and I don't feel any movement yet! " 
Let us see, then, if we can detect any movement in the sector which I 
represent, the Federal Government. Rather than tell the colleges what they 
should or might do, I believe it may be fruitful to outline some of the things 
which the largest employer of free manpower--the Federal Government--is 
doing to maximize the use of trained brainpower in science and engineering. 
With a total labor force of some 2,300,000, which includes a good 
many thousands of scientists and engineers, the Government as a consumer 
can have a very great effect not only on the utilization of manpower but on 
how the manpower is trained and developed. For instance, if we have too hard 
and fast a rule as to what we consider to be an educated man in a particular 
degree or course area, we can help seal off the field at its current level of 
insight and development. While we must be practical in setting immediate 
goals which accord with our current occupational insights, we cannot afford to 
help imbed them in concrete. We must provide criteria for the current 
occupational needs of the Government which are recognized for what they are. 
We should never lose sight of the broader long-term trends in the evolution of 
occupations and related collegiate courses of study. 
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We have been trying, as the central personnel agency of the Govern-
ment, to develop approaches which will have a proper and positive impact on 
the educational programs of our colleges. For instances, we have been 
emphasizing our need for and our interest in "quality" college graduates. 
We hope, among other things, that this will help to erase the "cliche thinking" 
of many Americans that "those who can, do; those who can't, teach; and those 
who cannot even teach, work for the Government." It is important for us as 
a government and for us as a people, not only for efficiency and economy of 
Government operations but also for our survival, that students be impressed 
with our interest in quality. 
Those B.A.'s and B.S.'s who stand in the upper quarter of their 
graduating classes or who have a B average or better are eligible for 
Government employment at one professional level or two actual grade levels 
above where the rest of the college graduates may enter. We do not believe 
in making a fetish of grades, but we do believe that those who excel in learning 
ability in college should, by and large, be able to start their Government 
careers at an advanced trainee level in their chosen field. Those M.A.'s 
standing in the top quarter of their ranks and those Ph.D.'s in the upper half 
of their group, as determined by a..i appraisal by their school, are eligible to 
enter Government research jobs related to their fields of collegiate study 
one professional level a.bove where the remainder can enter Government 
service. 
We, of course, must do more than demonstrate our interest in "quality" 
degree holders. We must maximize the use of this quality. In a labor force as 
large as ours, it would be perfectly possible to lose track of or misuse at 
least some of this talent which we attract to our ranks unless we are alert and 
vigilant. One of the steps we have taken is to put special emphasis on the 
identification of technician jobs. These are the jobs, requiring backgrounds 
equivalent to those possessed by technical institute and junior college gradu-
ates, which serve our professional employees in a support role. We have 
provided career avenues for the technicians which will permit them to go as 
high grade-wise as the work available and their talents allow. We keep these 


































stream. However, we do provide a means of moving over the unusual tech-
nician whose work and approach bears the earmarks of a professional. We 
believe that providing careers for technicians which are separate and apart 
from those of professionals helps not only in the identification and utilization 
of professionals but should help convince the college student that we have 
definite identified career avenues available to them. In a related area we are 
trying to provide our professional employees with support administrative 
services whenever possible in order to minimize the amount of time and 
attention they must devote to administrative details. 
Even more important in our use of professionals is the type of super-
vision they receive. Quite frequently, because of status, prestige, salary, and 
a number of other factors, individuals who are ill suited for such assignments 
go into supervisory and management jobs where they have to fight their own 
instincts and interests. Management intensifies this trend by confusing the 
super- journeyman with supervisory potential. The factors underlying per-
formance as a super- journeyman may be quite unrelated to those needed to 
be an effective supervisor. We have been attempting to differentiate between 
those who are so oriented towards their profession that they think only in 
terms of work in the profession from those whose interests are not so much 
in research and related activities In the profession as in matters relating 
to the organization, the planning of programs, working with and through 
people, etc. However, we realize that we must do more than merely make 
this differentiation. We must provide suitable means for the advancement of 
those very competent professionals who do not go into supervisory and manage-
ment jobs. We have widened the range of levels that an individual can move 
up to without supervising anyone (it is possible in certain situations for a non-
supervisory professional employee to move as high as our grade structure 
will permit). 
In a recently developed classification guide for research scientist 
and engineer positions, we not only encourage the participation of research 
men in the evaluation of the jobs of their fellows but we base two-fifths of 
the grade evaluation weight on the nature of the man's professional reputation 
and background and the nature of his previous contributions. We recognize 
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that it is difficult to forecast the exact nature and difficulty level of a research 
project but we believe that the nature of what a man has done is a pretty 
accurate gauge of what he will probably do. 
Briefly. then, these are some of the things we are doing in the Federal 
Government to maximize the use of trained scientists and engineers. 
Mr. Mello: Thank you, Dr. Keene. The ideas you have presented are 
most significant in the organization and administration of a graduate study 
program, particularly insofar as motivation of the individual is concerned. 
We will now ask another member of our panel to present his views. I 
know you have all met Rear Admiral Singleton, who is now head of Engineering 
and Sciences Extension at the University of California. The program he heads 
is oriented to a great extent to the needs of industry. He graduated from the 
Naval Academy in 1926, and he has also taken postgraduate work at Annapolis. 
After World War II, as an ordnance engineer, he established the first educa-
tional program for guided missile work. Admiral Singleton was also Director 
of the Engineering School here at the Naval Postgraduate School under Admiral 
Earl Stone. When Admiral Singleton left the School in 1956, he was influenced 
by the first Brainpower Forum we held here to go into his present work. He 
has not stated whether this was good or bad, but apparently we have had some 
influence. 
Admiral Singleton: Well. at least in the beginning, I am going to be 
one member of this panel who faces the subject which the panel is supposed 
to discuss! I don't know whether I'll end up that way. I don't think so ! 
I am actually modestly involved in the administration of a graduate 
program, or, rather, five of them, run by the Graduate Division at Berkeley 
and Livermore which are of direct interest to Dr. Suttle, who spoke a few 
minutes ago. I say "modestly" because I think the only reason I am involved 
as an Extension representative is because these programs cost more ancl, since 
special fees have to be set up, no one in the faculty organization of the 





































But, actually, I did go into this area of work because I had a very 
definite interest in it. When you start to talk about the organization and 
administration of graduate programs, I don't think you can divorce them from 
the general type of program which was established initially by whoever was 
the most interested party in both the institution and the industry or government 
which put them into being. 
I listened to the discussions this morning concerning the various types 
of programs as they were so well explained by Dr. Terman. The thought 
occurred to me then that the program which can be best administered, and I 
am sure is the most profitable to the industry and the most reasonable to the 
institution, is the on- campus program. A second type of program that is good 
from what I know of it is the Rensselaer Polytechnic Institute operation with 
United Aircraft. This is a case where the parent educational institution 
actually developed a campus. 
Listening to Dr. English, I understand that the campus has to have 
incentives. I think there were plenty of incentives for Rensselaer to have a 
campus to serve United. In other words, they wanted to do it; it was a private 
institution and they could do it, and it was not a great expense because the 
faculty is interchanged back and forth between RPI and this sub-campus. 
The third most-profitable-for-all type of operation is, in my judgment, 
the type of operation that Berkeley has at Livermore. Now I say this as a 
person who sits on the sidelines and watches many programs. This program 
has all the facilities required for the first 50 percent of the units, which is 
normally twelve in a graduate program. All these facilities are located at the 
place of employment which is the Lawrence Radiation Laboratory in Livermore. 
There are sufficient curricula involved: nuclear engineering, electrical and 
mechanical engineering, and physics and mathematics. There is enough cross-
fertilization, you might say, between these programs to give some flexibility 
to an off- campus program of this type. This, I think, aids greatly in the 
administration of the program and in meeting the needs of the student. It 
would seem to me that industry could make it profitable enough to the 
university to come to the location because this would solve everybody's 
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problems. The laboratories would be right in the area and there would also 
be the professor- student association which I, too, feel is a very essential part 
of a graduate student's education. 
I want to make one other point. No mention has been made here about 
organization as it relates to the curriculum or the subject matter, which is 
not actually part of a graduate program but is postgraduate-level work. What 
about the other men who have bachelor of science degrees, who are not 
candidates for a graduate program but who desire to take advanced courses? 
The se men are still worth a lot to you and to us, and provision must be made 
for them. I am getting students in my extension courses who are not part of the 
graduate program. 930/0 of the students in the upper division physics courses 
given on the Lower Peninsula (the electronics area). such as atomic structure 
and solid state, hold B.s. degrees in electrical engineering. Now, why are 
they asking me to give them upper division classes in physics? In the electrical 
engineering curriculum at Berkeley, about five to six years ago, their electrical 
engineering did include these two subjects in physics, but I would say that, 
across the United States, there are probably not more than ten or fifteen 
major university curricula which include the amount ofphysics now necessary 
for a good electronic s engineer. 
Mr. Mello: Thank you very much for your positive ideas. This business 
of not forgetting the forgotten man is something very important and I know 
that we cannot place too much emphasis on the people who don't sit so high 
in the class. 
Now I have the pleasure of introducing our last panel member. 
Mr. Oscar Simpson, who is the General Manager of the Western Development 
Laboratories of the Philco Corporation. Mr. Simpson has a B.s. degree and 
a Master's degree in physics from the University of Akron. As the manager 
of a fine organization like Philco, he must have many constructive ideas. 
Will you tell us what some of them are, Mr. Simpson. 
Mr. Simpson: I would like to concentrate on the subject of techniques 
of administration of graduate study programs within industry. Many times we 


























the philosophy behind it. Prim.arily this is because the philosophy doesn't 
give us m.uch in the way of a concrete suggestion as to how to accom.plish the 
end result. I think, however, that a little philosophizing would be worthwhile. 
We are creating a new society and the age- old argum.ent of whether 
a person m.akes his environm.ent or the environm.ent form.s the person is very 
significant to us who are creating the environm.ent. The question then is 
whether industry and the universities are creating the scientists of the future 
or whether, indeed, the scientists are rem.aking industry and thereby our 
schools. There are argum.ents for both sides; so perhaps we could learn a 
little bit from. history. Too often we feel m.odern industry has new and unique 
problem.s, whereas there is really m.uch we can learn from. history. 
The fact that today's students are trying to work out the difficult 
schedule of m.aking a living by working for industry while pushing their educa-
tion forward through the university is not too different from. experiences of 
form.er generations. Perhaps what we are experiencing is a division due to the 
level of activity. That is, we have advanced in m.odern society in the industrial 
processes and academ.ic level, but the interaction and the problem.s attendant 
thereto are no different for today' s students than they were for us before them.. 
Industry has been engaged in the process of training its people for 
quite a few years. There is, however, a radical difference in the m.anner in 
which it is approached. A recent exam.ple in our area was the m.erger of two 
concerns which had followed a radically different philosophy of bringing along 
their young m.en. One had sim.ply prom.oted m.en to senior positions, while 
the other was training and bringing in r..ew m.anagem.ent. The m.erger brought 
out sharply which was the stronger concern. 
The electronics industry faces this sam.e problem., and we at Philco 
have very m.uch the sam.e program. as General Electric. That is, there is a 
broad tuition- refund program., a cooperative part- tim.e student and a part- tim.e 
work program., sum.m.er em.ploym.ent of students, special stipends, and 
special in-house training program.s. With regard to the across-the- board 
program.s which are available to all personnel, adm.inistration can best be 
handled at the local departm.ent level by each m.anager. The special program.s, 
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however, need to be handled on a broader basis, company division-wide. 
These, therefore, become a part of the total investment of the company in 
terms of its resources of the future. 
I would like to speak for a moment about the investment which we make 
in people and, in particular, to touch upon the protection of that investment. It 
is certainly true that, as we educate our younger personnel and they become 
productive, that productivity is of value to the total resources of the country 
whether it be for the company making the investment or for a future associa-
tion. Our training program is aimed at what we consider to be our peculiar 
requirements and, therefore, as we lose those people whom we have specially 
trained, we do lose some definite investment. True, the man we lose is a 
better man for society, and perhaps the men we gained have also had training, 
but the circumstances are not fitted to our needs. Our interest in protecting 
this investment is not solely a selfish company viewpoint for it also serves 
to improve the man's future. 
In protecting this investment, we have also examined very carefully 
the best method of administration to accomplish the other needs. We have 
experimented with tying these programs in with our higher skilled technical 
groups so that they would have considerable technical depth; however, this has 
not provided the management objective we desired. We therefore have moved 
the administration of the programs into our Industrial Relations Department, 
using the technical personnel as staff assistants to insure the technical 
competence of the programs. 
We now find that our principal interest lies in improvement of 
communications and work with the universities. Iwouldlike to close by saying 
that we feel there is more to be done in tightening the bond between the 
university and industry so that together they can protect the investment in 
personnel which can become profitable to both parties. 
Mr. Mello: Thank you very much, Mr. Simpson. Well, we now have the 
views of the panel. Before we conclude, however, we have sitting over on the 
sidelines a young man whom !think you should meet. Don Peterson is working 
toward his doctorate at Stanford. Do you want to give us some of your own 





































Mr. Peterson: I won't take long. One thing that is worth bringing out 
from the student's point of view is howto maximize the return to management 
of the extra cost of giving individual attention to graduate students in industry. 
Individual attention is perhaps not necessary for the master's degree student, 
but I think that people who move on in the program require individual adjust-
ment of their work load. 
To put this in more meaningful terms, I am sure that every engineer 
knows that the way he gets the maximum energy from a source is to match 
the load. This is something that may be overlooked in the adm.inistration of 
a graduate study program. Students who are working part-time in industry 
are many times not given equal opportunity or even an opportunity equal to 
their ability because they are part-time. This factor discourages many 
students from going on in an industrial program. They actually give up 
because they can see they are not being treated equally. The many problems 
to be overcome have already been mentioned. In addition, there is this that 
the further one gets along in the graduate program, the more necessary it is 
to give individual attention to the student so that his school and industrial 
work can be usefully related. I believe that all of the students here agree that 
it's best to spend full time at the university when you get to the dissertation 
stage in the program. 
Mr. Mello: Everyone has had a chance to express his views and I 
think we ought to allow not a rebuttal but a re-comment. Manse, would you 
like to say something before we conclude? 
Dr. Keene: I believe we have to consider the type of utilization items 
I discussed to set some of the outside dimensions of the general problem we 
are all concerned with. Whether the percentage of people who receive an 
advanced degree is 2"/0, 15% or higher, we may be in as much danger of 
miseducating at these levels as we have been at times at the bachelor's level. 
We seem to have assumed that an A.B. meant the same thing in 1955 as it did 
in 1900 despite the changes in the nation, in the percentage of people going to 
college, in the nature of those going to college, etc. We can do the same thing 
with graduate degrees. We in government and those of you in private industry 
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cannot be indiscriminately in favor of more and more education without 
determining what we are educating for. We must think differentially and 
selectively both at the A.B. level and higher. We have to recognize that we 
cannot make a college education available to everyone without destroying the 
value of the college education. So, too, we may founder if we are not perceptive 
in handling graduate education. 
Also, the good student must have living proof in our employment and 
utilization practice s if we are going to motivate him to continue his education 
by seeking advanced degrees. Once he is on the job, it is our responsibility to 
see that he is used in a way which is compatible with the kind and degree of 
ability he has. With our somewhat limited capacity to judge all aspects of 
human talent, we, of course, have to be constantly aware of the compensating 
effects that high motivation can have. 
Mr. Mello: Do you have anything you would like to add, Admiral 
Singleton? 
Admiral Singleton: I just wanted to be sure that Dr. Keene didn't think 
that I really disagreed with you on the need for this upper group to obtain 
graduate instruction. I merely believe that, due to the amount of knowledge that 
is necessary for professional life today, continuing education must go on for 
everyone. I think that industry should take just as much a part in the develop-
ment of a program for its "300/0 people" as it does for its 15%. 
Mr. Mello: Mr. Simpson, do you want to add something? 
Mr. Simpson: I would like to add one point. We used to consider that 
it took a large number of helpers and technicians to support the efforts of a 
small number of scientifically inventive persons. Today we find that it is much 
more the large numbers of technical people who are adding to scientific 
knowledge and that it is much less the output of one individual supported by an 
entire laboratory. This leads me to believe that the cooperative efforts of a 
large number of well educated, clear-thinking men are what is needed today 



























Mr. Mello: I see we have a comment from the audience. 
Mr. Walker: As far as company courses are concerned, I think I 
mentioned that about one out of every eight of our employees (General 
Electric Company) is taking a company course of some kind, whether in 
engineering or mathematics or even in marketing or advanced managem.ent. 
Offering these in-plant company courses, as we call them, is a very important 
factor in raising the general level of education throughout the whole 
organization. 
Mr. Mello: Perhaps I had better sum up as our time is about exhausted. 
I think it can be said, without giving credit to anyone in particular, that the 
larger the organization, the m.ore necessary the graduate study program. I 
think we can also agree that it must be a flexible program, one that can be 
altered as the need changes. It would be difficult to say what would be a good 
measurement of quality in both a large organization and a small one. We have 
many different ideas on this subject, but we all agree that whatever the pro-
gram., it must be an all- inclusive one that supplies training for both the 
profes sional engineer and scientist as well as the technician. It m.ust be 
designed for a purpose and not allowed to deviate from. that purpose. 
Another point that was brought out is that the interests of all concerned 
can best be served if industry can operate the program. with a small campus 
at the work site. This is not necessarily the cheapest way but, from. industry's 
standpoint, the best. In doing so, and referring to what was m.entioned 
previously, industry cannot ignore for inclusion in the program. those students 
who are not necessarily in the top 15 percent of their class. Everyone must 
be considered; the program. must be all- inclusive. Obviously, because the 
investm.ent is so great, industry and managem.ent must protect their invest-
ment by insuring that the program.s meet a specific need. After all, this is 
not com.pletely an altruistic gesture; the program.s have been created for a 
specific purpose and this purpose has a dollar sign in front of it. 
Finally, we cannot ignore the student attitude that has been expressed 
here. The part-time student m.ust be kept in touch with, and his ideas m.ust be 
taken into consideration with regard to the type of program. developed. 
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I know there are many controversial points in a subject such as this, 
but I'm going to be like the small town politician who was faced with a similar 
problem. A town, unincorporated and in a rural area, was having trouble with 
geese. These geese were destroying property, eating plants, messing up the 
lawns, and generally "raising Ned." It was decided to incorporate so that the 
governing body could then take some action about the geese. The small town 
politician I mentioned was encouraged to run for mayor. In building his political 
fences, he had to speak with both factions: those who owned geese and those 
who didn't. The first day he learned his best lesson. The first group he asked 
to support him queried, "How do you stand on the goose question?" He replied, 
"I'm for getting rid of the geese." Since they were predominantly geese 
owners, they said, "We'll not vote for you." He walked on a little and came to 
another group. Again he was asked how he stood on the goose question. 
Realizing the problem he had had with the previous group, he said, "I'm for 
keeping the geese." The spokesman for this group then said that they would 
not support him because they were home owners whose property had been 
damaged. He walked about a block further, thinking seriously about his 
experience. When he came to the next group, he asked for their support, and, 
when asked how he stood on the goose question, said, "I wish you men would 
step a little closer, a little closer, please." Then, in a low whisper , he said, 
"I'm with you." 
I think, under the circumstances, this is the best the panel can do. 
Dr. Vivian: The third panel discussion of the afternoon, on the uni-
versity, professor, and student aspects of industry- andgovernment-sponsored 
graduate study programs, has as its moderator, Dr. Morris Stewart, Dean of 
the Graduate Division of the University of California. 
Dean Stewart: This subject suggest to some of us, I think, that we are 








is an area of conflict, I think all of you will agree that it is at least an area [ 
for mutual education. I think that there has been a lack of understanding, not 
necessarily misunderstanding, of the needs and motives of industry, the needs 
and motives of students employed in industry while pursuing graduate study, 
























I have long hoped that there might be a discussion of this particular 
matter before a group as representative as this one, and I am delighted that 
at long last this has come about. I should like, in introducing the members of 
this panel, to take certain liberties and classify them quite arbitrarily as to 
what I am going to consider for the next half hour or so as their sphere of 
authority. 
Upon my far right is Dr. Albert Bowker, Dean of the Graduate Division 
of Stanford University and, for the purposes of this discussion, I shall forget 
that he is a mathematician and say that his sphere of authority lies in what 
we shall call the "university sphere." Nextto Dean Bowker is Mr. Ben Lange, 
who works for Lockheed and is currently pursuing a program of graduate 
study at Stanford. Certainly his sphere of authorityhere is that of the student. 
Next to Mr. Lange is Professor Meriam, a member of the faculty of the 
College of Engineering at the University of California at Berkeley. Obviously, 
his sphere of authority in this panel is that of the professor. Next to him is 
Mr. Bernard Rosen of the U.S. Civil Service Commission. I shall take 
particular liberties with him because he is concerned both with our raw 
material and our finished product and I am going to call him a free lance. 
And, finally, I wish to introduce to you Dr. Frank Proschan of Sylvania 
Electronic Defense Laboratory, who has very recently received his doctor's 
degree. I think that he and Mr. Lange represent two very important aspects 
of the fundamental problem we are dealing with here, that is, someone who 
was recently raw material and someone who has recently become a "finished 
product." 
I should like to bring to the special attention of the members of the 
panel the sheet of paper which was passed around at the beginning of this 
afternoon session entitled "Suggested Areas of Concern," because I think that 
the areas listed here have been expertly chosen and I would suggest that we, 
in general, direct our comments to this list. I should like to ask Dean Bowker 
to open the discussion, presenting the university aspects of this cooperative 
enterprise with which we are concerned here today. 
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Dean Bowker: There has been a lot of discussion here about various 
kinds of part-time arrangements for graduate students. One of the students 
this morning spoke about the alternative confronting the student of taking a 
fellowship for studying full-time as opposed to working for industry part-time 
and studying part- time. He mentioned in this connection the problems of 
marriage, family and related economic questions. I think this is probably 
important, but, if you look around at the students who are studying full time 
and find that a lot of them are married, you shouldn't be surprised. As far as 
I can tell, something in the order of 60 percent of our graduate students are 
married and, of those who aren't, a certain number of them are graduate 
women who have various degrees of marriageability. 
Dean Stewart: High degree of marriageability but low probability? 
Dean Bowker: There are a number of factors, I think, in the present 
situation that ought to be pointed out. One is that fellowship opportunities are 
limited. In engineering and the sciences, we have teaching assistant programs 
available to students. Another is that many students may be ambivalent about 
study or work. Many of them think the discipline of working would be good for 
them; others do not aspire to graduate work; indeed, industrial employment 
with an associated educational opportunity may stimulate their interest in 
higher education. 
I can say that, although Stanford went into part-time graduate work 
on the basis that Dr. Terman described this morning with something of an 
experimental point of view, I myself have been well pleased with the records 
of the students and find that groups of students have been stimulated by graduate 
work. 
One thing that bothers me--and here I put on my hat as Graduate Dean 
at Stanford--is the fact that we may be creating a class of students who obtain 
a master's degree on a part-time program at my institution or at other 
institutions without a clear pattern to follow for those who wish to go on for 
a higher degree. There is an expression that is used in the profession: Mr. X 





















began to look around at ways to increase the supply of college teachers in the 
humanities and social sciences, one of the things that occurred to many people 
was to turn out the A.B.Do's who had yet to write their dissertation. Several 
institutions did this quite successfully. 
One of the problems that I see with this vast expansion of part-time 
work is that we are building up a supply of science students who would like to 
go ahead to obtain a doctorate but would find it difficult to do on a part-time 
basis. Our view is that the full-time work on campus is essential, particularly I in experimental work, to acquiring a Ph.D. One of the things we would like to 





Dean Stewart: I am particularly interested in the last statement that 
Dean Bowker mes.de. It's been made here several times today. I think that 
graduate deans as a whole feel that it is important that at least a reasonable 
amount of time be allowed for these students to be on campus full time. 
I'm now going to call on Professor Meriam to present the professorial 
aspects of this problem. 
Professor Meriam: I was just mentioning to several members of the 
conference that I have recently come back from a six-weeks' tour of South 
America and, after listening to the discussion so far today and recalling 
similar discussions, I can't help but feel that our problems are very minor. 
They are important of course, but, thinking back to some of the problems that 
I have witnessed in educational systems in the last few weeks, I feel very 
fortunate that the United States has the advantages of the educational system 
that it has. 
Now, I may wander a little bit from the role of the professor, but the 
professor in an American institution has a lot of freedom; so perhaps he can 
be excused for what he says. 
From the floor: I am a professor. Does that mean you can take more 
time to say less? 
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Professor Meriam: With that warning I will proceed ~ 
I think very often we tend to forget that diversity in Am.erican education, 
as in other forms of activities, is one of our real strengths. In discussing 
issues such as the general topic before us, many of us sometimes err in 
proposing just one solution or at least concentrating on only one point of view. 
I really feel that the diversity in our higher education is one of our major 
s ource s of strength in this country. Thus I do not think that there is anyone 
s ingle answer which is best for the support of graduate education. I believe 
that a goodly number of programs and patterns of education are necessary to 
our total picture. 
Let us review briefly the forms of sponsorship which we receive from 
government and industry. We have, first, the direct scholarship to the student; 
then we have sponsorship for research projects from both government and 
industry. We have support for part-time graduate study through direct payment 
to the university. Some industries sponsor or conduct their own graduate 
programs, such as the well-known program of the General Electric Company. 
Lastly, I should mention the co-op program arrangement. All these forms of 
sponsorship have their place, but, looking at the need for continued sponsorship 
of graduate education, I feel that one of the areas to which we have not given 
enough attention is the area of the true cooperative type of graduate education. 
By that I mean alternate periods of full-time study and full-time employment. 
Over the last ten years, I have observed, both achn.inistratively and 
as a teacher in the classroom, those undergraduate students we have in the 
University of California at Berkeley, who are registered in our cooperative 
program. I have come to the conclusion that these students have something 
that most of our other students do not have. It is true that they have been 
selected rather carefully but, beyond this element of selection, there is a 
strong sense of maturity and purpose and motive which these students exhibit 
and others do not. I feel that the cooperative approach to graduate education is 
one to which more of our institutions of higher learning and also industry and 







































Recently, at the June meeting of the American Society for Engineering 
Education at Purdue University there was a rather marked interest expressed 
in cooperative graduate education. Personally, I believe that it offers protec-
tion against most of the disadvantages which many of us see in part-time 
graduate work. It offers the opportunity for full-time concentration on the job 
at hand. It provides the avenue for connection between studies and the utiliza-
tion of those studies in a manner which cannot be obtained by full-time 
concentration on studies for the entire period of work. Several institutions 
have programs of this kind well under way. At Berkeley we made an honest 
start a few years ago, although we haven't progressed nearly so far as I think 
we should. The University of Cincinnati just this last year inaugurated a 
definite co-op program on the graduate level for both master's and doctor's 
work and seems very pleased with the way it has started. 
Let me comment on one other aspect of the problem which ties in with 
the co-op approach to graduate education. Imust adjust my statements here to 
those of the engineer--they may not apply so much to the scientist. I have a 
very strong feeling that, in engineering education, we have in many respects 
drifted away from our basic objective, which is, in my opinion, to prepare 
young men to practice engineering as a profession. We have turned a great 
deal of attention to applied science in our engineering programs, which is 
understandable and, to a large extent, necessary. But, because of this trend, 
we have given less attention to our major objective. 
The cooperative graduate program, I feel, offers a very excellent 
opportunity to bring this objective back in focus. It can bring high-level 
professional problems to the university so that promising graduate students 
can relate what they are studying to these problems and, through the experi-
ence of this contact, be much better prepared to assume the responsibilities 
inherent in any professional practice. 
Dean Stewart: After listening to Dean Bowker and Professor Meriam, 
I should like to draw your attention to a rather momentous event: there appears 
to be, for the moment, complete agreement between administration and faculty! 
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Mr. Lange, I wonder if you would now like to speak 'briefly with respect 
to the student aspect. 
Mr. Lange: Speaking with regard to the suggested areas of concern, I 
should like to comment on the points one by one. 
First, with regard to resistance to part-time graduate study, I'd like 
to state, from the industry- sponsored student's point of view, that I have at 
times looked with some envy on my fellow students while sitting in the library. 
They can study all day and I must go to work. On the other hand, however, the 
full- time student must carry a heavier load. There is another aspect to the 
problem which has not been mentioned here, and that is that there is a learning 
process going on in your work in industry as well as in your studies. There is 
even an interchange between students (this has been mentioned as a very 
important part of graduate study) at Lockheed, which is sometimes laughingly 
referred to as the great fraternity. Some of my best friends are fellow students 
in the Lockheed graduate study program and we get together to discuss our 
problems. Also, the workldo in the Missile and Space Division correlates well 
with my academic studies. For example, last year I took a course at Stanford 
in advanced amplifier circuits and, at the same time, my job assignment was 
to develop an electronic package for some of the satellites. I think that one 
can definitely gain something working in industry that you do not get on the 
campus. 
Next we have the question of motivation. I might analyze my own 
motives. Why do I want a Ph.D.? I will be honest: I most certainly want it 
because of the better job opportunitie s and better salary. However, if this 
were the only reason, this would be a very foolish way to go about making 
money. One could do better selling real estate, for example, or practicing law. 
I think that the principal thing that I want is the knowledge. When I started out 
five years ago at the age of 25, I intended only to get a master's degree in 
physics, but I could not stop at that point. Now that I can see the end of my 
Ph.D. program, I don't think I will be able to stop then because I certainly 






















With regard to the marriage situation, I think that, in determining 
financial needs in the awarding of fellowships, we should make a distinction 
between students who have only a wife to support and those who also have 
children. A student with children to support could not live on an ordinary 
fellowship. 
Finally, one gentleman earlier commented that our problems in this 
area were no different from the problems that faced other generations. I think 
there is one significant difference. Students are beginning their graduate study 
at a later period in life than they did a few years ago. I suspect that there are 
two reasons for this. One is that, in many cases, the student has to serve in the C military which requires anywhere from two to four years. There was a time 
when a man entered college by the age of 17, graduated at 21, immediately 
went to graduate school, and finished his Ph.D. by the age of 25. I suspect 
that there are a lot of men now who don't begin their graduate study until they 
are 25. Perhaps the other reason for this is that technology has become so 
complex that men are not sure exactly what they want to do. There are a few 
false starts; a man has to feel his way along a little bit more now than he did 
a few years ago. 
Dean Stewart: Today representatives of both industry and universities 
have expressed interest in and concern about the quality of our raw material. U I think that it is quite clear, after listening to Mr. Lange, that he is the type 
of raw material that both industry and graduate schools want. I think that he 
has touched upon a thought that has occurred to me several times in listening 
to speakers today and that is the age at which the degree is attained. Sooner 
or later in such a discussion as this, attention must be focused upon the fact 
that the dividends declared from this inve stment are determined to some 




I am now going to ask Dr. Proschan, who has recently completed his 
doctor's degree under this program, to speak regarding the student aspect. 
Dr. Proschan: Actually, since I have worked in the government for 
about ten years and in industry for over eight, I have taught full-time for a 
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year and part-time for a great many years, and have just completed my 
Ph.D., I clearly am an authority on all phases of this subject! What I have 
to say will resolve all problems and we will be able to conclude our meeting 
tonight and go swimming tomorrow! 
I'd actually like to start my comments by telling you the story of my 
life, but don't get alarmed, I just mean portions relevant to our discussion 
here today. About 13 years ago, I began to study for a Ph.D. in mathematics. 
At that time, there were no symposia of this sort, and a terrible conditioI2 
prevailed: student s had to pay their own way. So, at that time, I had to teach 






for a fellowship from the Atomic Energy Commission fellowships that were [ 
then in effect. After the competition was over, the man who ran the program 
said, "You did very well and you compared very favorably with the others, [ 
but you see we just have a limitednumber of fellowships and, frankly, you are 
too old." Well, I swallowed hard and went away. Ten years later, there was a 
great deal of government money for fellowships. I was granted a National 
Science FOWldation fellowship after the same sort of competition that had 
been held ten years earlier. After all, ten years does make a difference 1 
I should like to make a plea for full-time study, especially at the 
Ph.D. level. It is very much easier and much more stimulating to go to school 
full-time. I think perhaps that for a master's degree the cooperative type of 
program is acceptable, although not ideal. But for a Ph.D. program, I think 
the only really good way is full-time study. 
I should like to make a suggestion as to how this might be achieved. 
This is not the only way to do it, but it is one way that might work out to 
everybody's benefit. How about the company lending the money for full-time 
study to the employee? We will assume that the employee work& during the 
summer so that he can make some money but that, when he goes to school, 
that is all he does during the academic year. Then after he receives his 
degree, he repays the loan, but in this way: for each month of work that he 
does with the company, he is credited with, say, $100 toward repayment of 












r people leave the company after it has spent a lot of money in support of their 





he can do so but he has to pay back the loan, at whatever is the going rate of 
interest. In this way, the student gets his degree quickly, and he is happy 
about it. The company actually doesn't spend any money because it gets it 
back either as money, which is acceptable, or in the form of service, which 
is even more acceptable. After all, what it wanted was to educate the man to 
be a more highly-trained research scientist and he is paying the company 
back in the form of service. So, everybody is happy. That is my proposal. 
Dean Stewart: I think it is abundantly clear that Dr. Proschan's C varied experience fully justified his assignment to this task. I am very sorry 
that our time is running short, but I do want to call upon Mr. Rosen in his 









Mr. Rosen: I should like to take just a couple of moments here to 
comment on the need for graduate education for our scientists and engineers 
who already have advanced degrees, the master's, the doctorate, and who have 
been working in science or engineering four, five, six, eight, or ten years. 
Basically, I'm concerned with two groups of scientists. First, those scientists 
both in industry and in government who frequently are concerned with science 
as it relates to national policy; second, the scientists who remain in research 
work in the laboratory who have the problem of how to sustain their creativity. 
How can they sustain the imaginative effort? How can they stretch the period 
of greatest productivity, age 30 to 40, for example, to 50 or 60? 
And so, I have two questions for the professors in the universities. 
First, are the universities in their graduate programs adequately filling the 
need for sustaining the creative productivity of senior scientists? And second, 
do graduate study programs need to be altered to anticipate the training that 
10:1 required when the scientist moves into policy-recommending roles? I feel 
we need to know more about what the universities can offer scientists at the 
graduate level to sustain their creativity and to better prepare them for the 
new role which confronts the scientist of today. 
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Dean Stewart: Mr. Rosen's questions are obviously both cogent and 
urgent. I wish I could be unfair to the panel, that is, to follow and encourage 
discussion of this. 
Mr. Lange: May I make some comment? 
Dean Stewart: Certainly. 
Mr. Lange: I would like to say that the pay-off to the cOI,Pvration, 
one that has not been mentioned here, is the pay-off in ideas. When the cor-
poration sends a man to the university, this man actually taps the university's 
ideas. We're talking about dollars and cents here and I can conceive of a 
situation where the corporation might benefit from a patent idea and earn 
substantial returns simply because of one employee who was inspired by a 
professor. 
Dean Stewart: The following ten issues have been raised in the course 
of this panel discussion: I) Is there a conflict of interest? 2.) Do these pro-
grams sell the student short, namely, give a master's degree but not allow 
work for a Ph.D.? 3) Should the programs allow a reasonable period for 
full-time study? 4) Do the programs yield too specialized a student? 5) Is a 
cooperative program best; namely, full-time work followed by full-time study? 
6) Is the part-time student discriminated against by the university? (That is 
a question which wasn't emphasized but is certainly cogent.) 7) Does the 
industrial experience add to the student's education? Does it add motivation? 
8) Do the programs allow a student who could not otherwise get an education 
to obtain one? 9) Should education be financed by a loan from the company? 
and 10) Should the programs include further education for those already 
holding the M.s. and Ph.D. degrees? 
It's certainly going to be difficult for this panel to decide which of 
these is the major issue. I wonder if some member of the panel would be 
brave enough to make a suggestion as to which one is the major issue. 
Professor Meriam: I will not answer you directly but will request 


































unfortunately we do not have time to discuss, namely, do the present graduate 
programs encourage the kind of work which leads to good policy decisions on 
the part of the students? 
Dean Stewart: I think we should add that. I wish to thank personally 
the gentlemen of the panel. It is my feeling that they have contributed a new 
and much-needed group of ideas with respect to the type of educational 
problems with which we are concerned. 
Dr. Vivian: The fourth and final panel will discuss the economics 
and evaluation of industry- and governm.ent- sponsored graduate study pro-
grams. The moderator is T. L. Eliot of the Matson Navigation Company. 
Mr. Eliot: I was interested in looking over the points which this 
panel is to discuss. This is a broad area involving customer, stockholder, 
and taxpayer considerations. I can only draw one conclusion: this panel has 
a very, very tough assignment. 
It gives me a great deal of pleasure to introduce the members of the 
panel to you. Dr. Robert Parden, Dean of the School of Engineering at the 
University of Santa Clara, has degrees in mechanical engineering and industrial 
engineering from the State University of Iowa, was employed by the LaCross 
Rubber Mills in Wisconsin, taught at the Illinois Institute of Technology, and 
is currently chairman of the Pacific Southwest Section of the Am.erican 
Society for Engineering Education. Dr. W. H. Pickering, who is Director of 
the Jet Propulsion Laboratory, has a Ph.D. in physics from Caltech and 
worked in cosmic ray research with Robert A. Millikan. He has been with the 
Jet Propulsion Laboratory since 1954. Mr. Donald B. Miller, Manager of 
Personnel Research and Services for the International Business Machines 
Corporation, is a graduate of the University of Rochester in mechanical 
engineering and of Columbia in business administration. He is responsible for 
the development of IBM's graduate study program for engineers and scientific 
personnel and was formerly on the staff of the Dean of Engineering at 
Columbia. Mr. DeBra, who is a member of the graduate study program at 
Lockheed, is attending Stanford University. 
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I aIn going to ask the panel to concentrate on the economic aspects of 
graduate study for the M.S. and Ph.D. degrees and also try to evaluate the 
program to which we are listening today. I think I aIn going to tee off with 
something which seems to be quite controversial and ask the question, "What 
does experience indicate with respect to increased productivity of graduate 
students who have been in (1) a full-time, on-the-campus program; (2) a half-
campus, half-company program; or (3) a cooperative program?" Mr. Miller, 
would you like to comment? 
Mr. Miller: I think that we should start with the fact that IBM has 
virtually every kind of prograIn that has been suggested here today. We have 
everything from full-time graduate programs where the students are sent to 
campus to on- site, part-time programs. An important point here is that we 
consider education to be work, not time away from work. I would suggest to 
all of you that, if you can get over this psychological hump, it makes several 
of the things that we have been discussing easier to understand. 
It has been our experience in this rather difficult area of measurement 
that, if you give the manager of an engineering project some people with 
bachelor's degrees and some with master's degrees, the manager will almost 
invariably come back and say that the people at the master's level were more 












time of getting down to work was shorter and they were more productive in [ 
developing ingenious ideas and approaches. Now, I don't mean to oversimplify 
this, because certainly there are other aspects of productivity, and it is con-
ceivable that these differences are the result of the man's personality or his 
particular interest. I think we can safely say that a man with more advanced 
education very definitely does produce more under certain work situations. 
Another important point to bring out here is why we want people with 
Ph.Do's. One of the reasons that has been assumed here today is that the man 
is more thoroughly trained in subject material. But a more important reason 
for us is that, generally, the man who has studied through to the Ph.D. has 

























into life, recognizing that study and life must be welded together. This recogni-
tion that study is part of life is one of the things we are working for in all 
forms of industry programs in education. 
Mr. Eliot: I should like to ask the same question of Dr. Pickering 
in the Jet Propulsion Laboratory. From your experience, which type of 
graduate education has produced the best results? 
Dr. Pickering: It seems to me that, in answering this question, we 
have to recognize that we are really talking about two types of education, 
namely, the difference between training and education. If you send a man to 
take an advanced course pertinent to the particular job with which he is 
associated, the pay-off may be very quick, provided that the man has the 
necessary qualities. On the other hand, if you give him a true education at the 
Ph.D. level, the pay-off for the company will not be immediate but, in the long 
run, will usually be greater. And so I think that we have to recognize here the 
difference between the immediate result as opposed to education itself. There 
is no doubt whatever that, as Mr. Miller has said, one of the very important 
things that a Ph.D. does for a man is to teach him how to study; and, in this 
way, it can make him valuable for more different types of work for his 
company. On this basis, then, I say that if we recognize the value of long-term 
pay-off, the full-time graduate study leading to the advanced degree does 
indeed payoff. On the other hand, the value of the short-term course is 
determined by the selectivity exercised in choosing the people who are sent 
to these specialized, short-term graduate courses. 
Mr. Eliot: Mr. DeBra, you who still have your career ahead of you, 
do you have anything to say on this particular problem? 
Mr. DeBra: I feel very fortunate that my career actually started 
some years ago and that I have had an opportunity to work while completing 
my education. My education falls into two classes: I completed my master's 
degree as a full-time student in one year. Over the past four years, I have 
been working part-time while com.pleting the necessary course work before 
starting my dissertation. I have been working full-tim.e on the dissertation for 
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the past six. months. I feel that that portion of my education during which I 
have been working and going to school at the same time has been the most 
rewarding. 
Obviously, if you are training in a field that directly applies to the job 
that you are doing, the economic pay-off is immediate. In my own case, I 
found that it not only has paid off well for the company, but my job is also an 
excellent source of motivation for my course work and thesis. I disagree very 




on- campus education is the best. It may be the best in many cases, and I think [ 
that, in some fields of science which are difficult to correlate with industrial 
jobs, it may always be the best. But, in my own case and from my own [ 
experience, I feel that the contrary is true. Perhaps cooperative programs 
have been more successful in engineering because it is much easier to corre-
late an engineering education with the job that the person is doing. 
Mr. Eliot: Thank you, Mr. DeBra. This morning Dr. Warfield showed 
us some charts. One in particular interested me. It showed that about one and 
a half percent of profit before taxe s was used for educational programs. In my 
business, and I am sure it is true in other businesses, the cost ratios we use 
are in relation to gross sales. In trying to evaluate the economics of the 
graduate study program, I am wondering if anybody has observed what 
companies do spend, and come to any conclusion as to what companies should 
spend in the way of a percentage of gross revenue for graduate study. Would 
you like to comment on that? 
Dr. Parden: I have never seen a study of this type. My own reaction 
is that the budget for education is decided in much the same way as an R&D 
budget. You don't know until ten years later whether you are spending enough. 
Someone commented that it was the stockholders who made this 
decision. I don't think that it is that direct. The manager makes the decision 
and, if he guesses wrong and doesn't feed back enough into education or R&D, 




















I suspect that, if you were to tally education expenditures throughout 
the country, you would find everything from 0 to 20 percent of the engineering 
budget is spent on education programs and strong disagreement on how much 
should be spent. As Dean Terman pointed out, I think that, in industries work-
ing on technical frontiers, the percentage would be quite high, while in 
producer industries it would be quite low. So, if you could get an index of 
frontier- science companies, you might be able to correlate R&D budgets and 
get a correlation of education expenses. 
I was thinking, as all of this was going on, that each firm would 
probably have to decide which was the more economical--the work-study or 
the full-time program. It would appear to me that it would cost more to hire 
a new Ph.D. than someone with a bachelor's degree who might, in intervening 
years, take work- study programs at company expense. One could actually 
work out which costs the company more: tohire the person who already has the 
skills it is looking for or to hire someone potentially good and educate him into 
these skills. 
If we have a new welding process, we don't ask the welders whether they 
want to learn this nor do we check them for motivation or interest. They will 
either learn to weld using this new process or we will find welders who can. 
It seems to me that the kind of confidence we are discussing here today 
parallels the manual skill confidence which we ask of the people who work in 
the shops. We don't give them a choice; we make them go. Actually, I think 
everybody agrees with Dean Terman that the old style, on- campus, don't- get-
married-until-you-are-thirty-five program is desirable. However, we may 
have to change our ideals in this respect merely because society is changing. 
Even as we talk about these ideals, they may already be lost to us. 
Mr. Miller: Speaking from the standpoint of a "frontier science" 
industry, let me say that we set for ourselves a kind of basic minimum require-
ment of the expenditure of five percent of our engineering time in education 
(this relates to our R&D budget). We suspect that the true answer in the 
forty-year professional life of a man may be as much as one-quarter of his 
time spent in education. 
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Mr. Eliot: Dr. Pickering, do you have any thoughts about the cost? 
Dr. Pickering: First of all, I want to ask a question. When you say 
five percent spent in education, do you mean in formal courses or in company, 
in-house training programs? 
Mr. Miller: I mean in formal courses. We have several kinds of formal 
courses, however. We have formal courses that are taught by university 
faculty but where no credit is involved; we have courses taught by the university 
where credit is involved; and then we have both applied and fundamental 
courses which are taught by our professionals at graduate level. And I would 
like to take issue with you here on how you define education and training. We 
have tried to make the division according to whether it is applied study or 
study of fundamentals, and we think that there can be fundamental study 
internally within the company just as there can be fundamental study in the 
university. 
Dr. Pickering: Another question which I should like to raise is this: 
does industry have a debt to the universitywhich should be paid, shall we say, 
by supporting graduate study in the university? Industry expects the universities 
to supply it with trained employees and expects the universities to continue to 










to come out, or does an industry which is deeply concerned with the quality of [ 
its employees owe a debt to the university which it should honor by supporting 
in some quite direct fashion the graduate program of that university? 
Mr. Eliot: Mr. DeBra. 
Mr. DeBra: I think that there may be a fundamental difference in the 
particular courses you are talking about. Good engineers should have the 
desire to tinker, along with the desire to advance their capabilities analytically. 
This desire to tinker and to work with "hardware" I think is best served if 
the engineers can work with the hardware while completing their education and 
tying the analytical work and hardware together. I think you can achieve this 
by having the engineers go to school either on a cooperative basis or a part-
time basis. This is the reason for my earlier conclusions that, in some areas, 






















Dr. Parden: I should like to disagree in the sense that most of the 
failures in the university are in the paper-and-pencil operations, nam.ely, 
mathematics. I think that it is misleading to use the term "hardware." Every 
year we get a lot of students out of high school who are "hardware-oriented. " 
They have trouble with math and physics, not with machine shop. 
Mr. DeBra: Well, I was thinking of a little more sophisticated kind 
of hardware. 
Dr. Parden: All right. 
Mr. Eliot: There are two other points I think wehave time to discuss. 
They are the considerations of the stockholder and the taxpayer. Let's take 
the stockholder first. Mr. Miller, would you tell us whether the stockholders 
at IBM have anything to say about your program. and, if they do, what do they 
say? 
Mr. Miller: The stockholders have something to say, but only in the 
long run in that they invest in the company (probably because we are known 
as growth stock and a growth company). We believe that the growth of the 
company is directly dependent upon the growth of the people who work for 
the company. We have worked to grow people and, through the growth of 
people, feel we have contributed to growing the company. 
I should like to rephrase this interest in the stockholder just a little 
bit. From my point of view, the focus should not be on the stockholder or 
taxpayer but rather on the customer, stockholder, and employee. In anything 
industry does, there has to be a profit for each one of these three groups. 
I feel that, if you are doing the right am.ount of building of your manpower 
capital, it will show in your profit and loss statement, it will show in the 
growth of the company, and it will therefore show in return to the investor 
or owner of the company. 
Mr. Eliot: I don't think we have any government representative on the 
panel. Is there anybody in the audience who will speak for the government 
and the taxpa ye r? 
IZI 
Mr. Willard: I do not represent goverrunent but United States Steel 
Corporation, which is not a goverrunent. But I do have a comm.ent that might 
tie in. The taxpayer, let us say the stockholder, may consider that he should 
not have his profits paid out in support of education. Should industry pay for 
the support of education which, if it did not do so, would be covered by taxes? 
How far should industry go in collecting money from its customers and paying 
it back to the support of the schools? 
Mr. Eliot: Is there anybody else in the audience who would like to add 
something? If not, I'm going to move along to where, I guess, angels fear to 
tread. Dr. Terman this morning said that there was an affinity, or should be, 
between industry and the university. They were dependent upon one another, and 
he cited cases of the Peninsula, the East Bay, San Diego, and other areas. 
Let me go back to my own business, and this is true of a lot of other 
businesses. There is a lot of cooperation between steamship companies. On both 
the Atlantic and the Pacific we have conferences through which we try to 
resolve our differences. In these conferences, we try to move forward on joint 
programs and thinking to develop more business for all of us. 
As I was listening he re today, I couldn't help but think: why couldn't we 
organize a small regional association in which would be represented companies 
within the area? For example, on the Peninsula south of San Francisco, we 
would have Philco, Lockheed, IBM, GE, and many other companies as well as 
Stanford University, Santa Clara, and San Jose State. Through this regional 
association we might determine what the needs of industry were with regard to 
graduate study and which companies wanted to finance or partially finance some 
of their employees to amaster's degree. I don't know if this suggestion has any 
value. Perhaps Dr. Pickering would like to comment on it. 
Dr. Pickering: Frankly, I am not sure how to comment on this. It is 
true that one has to take a variety of interests into consideration in trying to 
set up graduate programs. I suppose one can raise the question whether this 
is being done most efficiently. But, just to be argumentative, I think that we 





















r colleges which are interested in conducting special programs with industry 
have quite good contact with the industries concerned and, I would suspect, 
are probably conducting the right programs. If you do make an attempt to 











what we are now doing. I say this without really having thought about this 
question for more than a couple minutes, but this is my first reaction. 
Mr. Eliot: Would anybody else like to comment on it? 
Dr. Parden: I'll make a plug for the AmericanSocietyfor Engineering 
Education which is having a meeting similar to this one at Stanford beginning 
December 2.7. This is allied in the sense that it is questioning the profes-
sionalism of engineers and whether the actual structure of education won't be 
changed in the very near future. It is my feeling that every person who 
graduates from college needs higher education at some time or other. A 
certain number won't elect it. However, one of the questions in academic 
circles is this: if you have a program, how do you decide when to label it a 
master's program and when is it merely adult education? This is something 
to which I think Admiral Singleton referred. 
We have taken the position that we will allow any person to take the 
courses who has a bachelor's and that the first twelve units he earns at the 
university will or will not admit him to candidacy depending upon the work he 
has done in those twelve units. Now, why do we do this? We are trying to get 
the people who have been out of college for awhile into condition by having them 
take two courses a semester. During the periods when they are formally 
enrolled in courses, there's the chance that their interest level will remain 
higher than if they were merely taking the course for audit. We are trying to 
get them to come out at 7 or 9 in the morning; this time doesn't conflict with 
the employers' time. 
Mr. Miller: May I comment from my experience? At one laboratory 
where we have 800 to 1,000 professionals, we have at any instant in time 
between 150 to 2.00 people studying math. For the most part, this covers 
material that was once, theoretically, learned in college. The requirements of 
the job do not necessarily force the man to keep his math fresh at all times, 
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but there seems to be a need for continuing course work in something as basic 
as math so that, at any time when they must shoot off to some new subject 
area, they have a foundation in math on which to build. 
One comment about area cooperation: in one region we have both 
success and failure to report. I think success depends very definitely on 
whether there is a common bond of interest among industries in the particular 
area. In one area where we are located, we have one other small electronics 
firm, a printing and lithographing house, a chemical industry, and ourselves. 
We have been unable to find common groundhere. In another area, in Endicott, 
New York, we have obtained cooperation between Link, GE, and IBM in our 
Syracuse University program and it has worked out very well. We still 
dominate by number of students but the others are working into it. 
Mr. Eliot: Mr. DeBra. 
Mr. DeBra: Just a comment on this business oft raining vs. education: 
I think that most people here are in agreement that training is advantageous. 
As it gets to be more technical and mOre specialized with regard to the 
company interests, it is perhaps most efficiently done within the company as 
training. I think that the difficult problem that faces this panel is to define 
the economic value of education. Evaluating education is more difficult than 
evaluating training. The graduate study programs are pointed more toward 
education than toward training. 
Mr. Eliot: I would like to continue this discussion, but time is running 
out. Gentlemen, we have to try to come to some conclusion concerning the 
most important topic we had under discussion: (1) How does productivity 
benefit from different types of graduate training? (2) Why do companies need 
Ph.D.'s? (3) How do we evaluate programs with long-term pay-offs? (4) Does 
the company gain directly in creativity from the student who is combining work 
and study? (5) Does company feed- back of profit into education affect the profit 
structure? (6) Does the company profit best from buying ready-made Ph.D.'s, 
or should it "grow" them through graduate training? 
Mr. Miller: One quick comment onthis "growvs.hire.'· I think we are 



























Mr. Eliot: Would you or one of the other members of the panel wish 
to move as to which of these topics we adopt as the most important? 
(A brief discus sion ensure s.) 
Mr. Eliot: It seems to be the consensus that the most important is that 
the company profits best from "growing" Ph.Do's through graduate training 































































Mr. de Guigne: To open this session, I want to call on Robert Knotts 
for an announcement. 
Mr. Knotts: It was unfortunate that we were unable to have the Air 
Force (even though it was "retired" Air Force) represented on the panel 
yesterday morning. Lt. General Craigie was required by family circumstances 
to remain in Los Angeles. As many of you know, he has retired from the 
Air Force and is now a vice-president of American Machine and Foundry. He 
has asked that I read into the record some of his comments with regard to the 
philosophy concerning higher graduate education of his company as well as 












"As the company grows in size and stature, its requirements for 
individuals educated to the graduate level increase. This applies to both 
technical and managerial people. In recognition of this situation, American 
Machine and Foundry has established, as most other companies have, a pro-
gram of partial tuition reimbursement. The requirements for eligibility are 
quite standard: the individual must have been 'on board' for six months, and 
he must agree to remain six months after the education in question is 
completed; to qualify for reimbursement, his grades must be satisfactory. 
This partial tuition program is costing the company about $50,000 per year. 
"The company has established a program of fully-paid fellowships at 
Harvard Business School, Dartmouth School of Business Administration, and 
at Princeton in the field of chemistry. These programs are costing approxi-
mately $10,000 per year. With regard to scholarships in mechanical engineer-
ing and electrical engineering, we are working with various universities 
including Cornell, Rensselaer Polytechnic Institute, and MIT. This program 
costs us approximately $25,000 per year." 
Then, with respect to his experience in the Air Force, General Craigie 
states: 
"As military systems become more complex, the need for a higher 
level of education bec·omes pretty obvious for all personnel and particularly 
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the officers. In the field of science and engineering, the U.s. Air Force is 
presently sending 900 officers a year to civilian colleges, and one-half of that 
number are working at the graduate level. I was informed this morning by the 
officer in charge of this program that the quota is to be increased by 200 in 
1961 and again by 200 in 1962. The proportion taking graduate-level work will, 
by 1962, be increased from one-half to two-thirds. The Air Force Institute 
of Technology at Wright Field, Dayton, has a resident program in the field of 
science and engineering at which 300 officers are in attendance; 200 of these 
are carrying out studies at the graduate level. 
"When I was in Dayton in 1945 as Chief of the Engineering Division, I 
was instrumental in having established at the base an extension of Ohio State 
University's Graduate School. It was available to both military and civilian 
personnel, although initially it was patronized more by the civilian engineers 
than by the military personnel. It has subsequently changed in that respect, and 
today attendance is about equally divided between the civilian and military 
engineers. 
"The program has been very active since 1946. Classes are conducted 
at the laboratories ofthe Wright Air Development Center and in the classrooms 
of the Air Force Institute of Technology at Wright-Patterson Air Force Base. 
One-half of the class work takes place during working hours and one-half is 
on the individual's own time. Three years ago the Government initiated the 
practice of paying all expenses. Some of the professors and instructors come to 
Dayton from Columbus, about forty miles away. Others--who, by the way, must 
be fully qualified according to the University's standards--are recruited from 
the talent employed at the Wright-Patterson laboratories. 
"As special needs develop, new courses are developed. Twelve to 
fifteen such courses have already been developed to meet the peculiar needs 
of the Air Force, and these courses are now available on the Ohio State campus. 
Two examples are 'orbiting earth satellites' and 'elastic high polymers.' 
Since 1955, the average participation in the program has been 400 students 
per quarter, evenly divided between civilian and military personnel. 115 




























conferred and ten more expected to be conferred this year (I presume this 
means since 1946). Twenty individuals have gone from this program to the 
University campus for six months' residence in order to complete their work 
for the Ph.D. In 1961, there will be six more. 
"Fina11y, the Air Research and Development Command, in conjunction 
with the National Science Foundation, has established a program. of post-
doctoral resident research associateships. In the field of management, two 
actions have been taken by the Wright Air Development Division in Dayton for 
'middle-level' managers. An SO-hour course was established by the University 
of Dayton several years ago, and 350 'middle-level' managers have taken 
advantage of this program. For top-level managers, the programs of the 
American Management Association have been utilized. Fifty top civilians in 
the Wright Air Development Division have taken advantage of these three- and 
four- week cour se s . ' , 
This concludes the comment by Lt. General Craigie. 
Mr. de Guigne: Thank you very much. Next, I would like to ca11 on 
Dr. Herbert Trotter, President of General Telephone and Electronics 
Laboratories. 
Dr. Trotter: Our problem this morning is to summarize and bring to 
a focal point the discussions of the last two days. This is quite a job, for we 
have certainly covered a lot of territory. Surprisingly, we have not had any 
knock-down-drag-out fights as yet. There seems to be a lot of agreement. I 
don't know the best way to go about it; so let us play it a bit by ear. 
I think, first of a11, that we ought to give the men on this panel a chance 
to express their views and to bring out the high points as they see them; then 
we wi11 try to close inonthesepoints. I would like to call, first, on Dr. Ernest 
Wynder of the Sloan-Kettering Institute for Cancer Research. He has just 
completed a tour around the world speaking on cancer research and, of course, 
is quite interested in getting the kind of men needed to carryon this research. 
I can assure you that he believes in his research because he does not smoke! 
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Dr. Wynder: I have enjoyed this meeting very much, and, although 
your problems are not exactly our own, they are in many ways similar. Those 
of us in cancer research are often asked, "Why don't you progress faster 
with cancer research? When are you going to solve the problems? Do you need 
more money?" Of course, we can always use more money but, first of all, we 
need better-qualified scientists to do the job. I think we have this in common: 
the better our scientists are, the sooner we solve the problems of cancer and 
heart disease; and the better your scientists are, the sooner you produce 
better products. I would like to comment on this question of how we can 
produce better scientists, educate them, and train them to serve both of 
Our purposes. 
It seems to me that the first point is to have fertile soil, and I'm not 
sure how fertile the soil is in our country to produce scientists. For instance, 
it is not as good as in Germany, where a career in the scientific field is so 
highly esteemed that virtually every well-to-do family insisted that one of 
their sons go either into medicine or one of the other sciences. It is also not 
as fertile as it is in Russia today, where science has become almost a national 
necessity. In Germany it was quality that produced the better scientists, and 
I think in Russia it is at least partly a question of quantity. For instance, we 
have probably often wondered why the Russians developed so many chess 
players. Two weeks ago when I was in Moscow, I saw people playing chess 
everywhere. The reason they produce better chess players is not because they 
are more clever than we are but because perhaps each year a million 
youngsters start to play chess and these million may include ten geniuses. 
In our country, perhaps only a thousand youngsters start to play chess every 
year and it may take ten years before one genius comes up. So we must 
consider the question of quality and quantity, and, if we could combine them 
both, then we would be the ones to develop the best scientists. 
After tradition comes education. Our educational programs are not 
compulsory; that is to say, we let the ten-year-olds decide whether they want 
to learn mathematics or physics. It can be readily seen why youngsters 
would rather study English Lit or some other course where there are more 







































have compulsory education. One of the things that I find particularly lacking in 
my profession is that doctors have little understanding of mathematics and 
statistics. Much of their unfortunate attitude toward statistics they themselves 
are responsible for, because they do not have any feeling for figures. There is 
the well-known story of the doctor who obtained brilliant results on a new 
treatment that he had developed. He said, "This is really splendid. I tried it 
out on monkeys. And, would you believe it? 33 percent of the monkeys got 
completely well; 33percentofthemonkeys didn't get better; and, unfortunately, 
the other monkey escaped." It is this lack of understanding of statistics that 
has given us so much trouble in finding out whether or not smoking is 
responsible for lung cancer. 
Then, there is the question of prestige. The scientist in the United 
States certainly does not have the prestige that he has in Germany or that he 
has in the Soviet Union. I had a meeting in Moscow with the president of the 
Academy of Sciences. Most people in the street knew this man by name. He 
was held in very high respect. I wonder if anybody in New York City knows the 
name of the President of the New York Academy of Sciences. 
And then, finally, though the salary of the scientist in the Soviet Union 
is less than that of our scientists, it is also true that the president of Macy's 
receives proportionally a much higher salary than the president of Gum's 
Department Store in Moscow. Consequently, in the Soviet Union the youngster 
would like to go into science because (a) he has prestige and (b) he makes 
relatively more money than in most other positions. 
To have a fertile soil we need tradition, we need prescribed educational 
programs, we need prestige, and we need an adequate salary level. Now what 
is the solution? Tradition comes with time. We can only hope that we can 
utilize our Madison Avenue techniques to increase the tradition of science 
in the eyes of our youngsters. Education, I think, ought to be compulsory to 
the point where certain science and language courses are prescribed in our 
schools and in our universities. Teachers obviously have to be better paid 
than they are today. With respect to the prestige and salary level of the 
scientists, Walter Braunschweiger and I would like to make one specific 
suggestion. 
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There are some 33,000 fellowships in this country. As far as I can see, 
these fellowships go to waste because nobody can afford to accept them. 
Certainly someone who has an M.D. or a Ph.D., is three or four years post-
graduate, and is offered a $4,000- $5,000 fellowship has either got to be a 
millionaire or sacrifice his wife. And there are very few people in these 
categories. The suggestion that we want to make is to change our fellowship 
programs as follows: tha'j; we make the pre-doctoral fellowship $1,000 or 
$8,000 instead of $3,000 or $4,000, and the post-doctoral fellowship up to 
$15,000 a year. In this way I think we can compete with the top graduates of 
our leading universities who want to go into the basic sciences and learn more. 
In addition to granting more money in these fellowships, we would like 
to give them prestige value. What we would like to do is to combine the 
prestige of a Rhodes Scholarship with adequate pay. We might call it the 
Benjamin Franklin Fellowship, so that the youngster would say, "I would be 
proud to be a Benjamin Franklin Fellow; in addition, I can afford to accept." 
This is a specific proposal. Industry and foundations should give out fellow-
ships which are attractive to the young people of this country. 
What we are striving for would obviously be beneficial to the individual 
because he could afford to accept these scientific positions and fellowships 











university. It is certainly an advantage to industry because the better qualified C 
people are, the better job they can do. What we must do is not train them in 
specific items but give them a broad education; it has to be a broad education r 
because what confronts industry today are things which are not known today, 
what confronts us in cancer today are issues we do not know today. We have 
to give students a broad base on which to build so that they can uncover what 
is still unknown to man. Acquiring a broad knowledge of the facts presently 
known is important because, as you travel throughout the world, as you see 
scientific progress in the Soviet Union, as you see scientific life in Germany, 
it becomes clear that what is really at stake is national survival, not merely 
an advantage to a given industry or an aid to solve a cancer problem. This is 

























Dr. Trotter: Next I would like to call on Mr. Walter Braunschweiger, 
retired Executive Vice- President of the Bank of Am.erica. 
Mr. Braunschweiger: Up until December 1, I was Executive Vice-
Pre sident of the Bank of America. I am now semi- retired and like my good 
friend, Joe Thompson, I feel today, and have felt many times since last 
December, like that tom. cat who was by far the best tom cat in the neighbor-
hood, admired by all the other tom. cats and considered No.1 by the lady cats. 
As he got along in life, he made such a noise in his love- making that the 
neighbors complained. Finally his m.aster took him to the veterinary and had 
an operation performed. After that, the tom cat felt so chagrined that he would 
com.e into the house, fall under the table, and never go outside unless it was 
absolutely necessary. But, one evening, one of his friends saw him making 
the rounds and said, "I see you are back in circulation again." "Yes, he 
replied, "but only as a consultant." That's what happens to fellows when they 
get to be 65 and you have com.pulsory retirem.ent. 
I don't know what I can add to the discussion. Dr. Wynder and I have 
discussed this problem many times in the last three or four years. With 
regard to this business of the economics of higher education, we shouldn't 
expect our outstanding students to get along on what was thought to be the 
right amount of m.oney ten, twelve, or fifteen years ago when many of these 
foundations and fellowships came into being and policy was established. We are 
also going to have to realize that it may be wiser to concentrate on having 
fewer students but better ones. I'd like to cite a few examples of how my 
organization, the Bank of America, attempted to resolve this problem.. 
We recognized, after the war, in 1946 and 1947, that we had to develop 
manpower. Our entire situation had changed; form.erly we had a staff of 8,000 
women and 3,000 m.en {11,000}; today we have 2.8,000. California had to supply 
this manpower. Since 1947 we have interviewed the top men who had graduated 
{in our profession we don't need doctor's degrees; we like master's, and we 
like outstanding students}. We interviewed about 1,500 a year and, out of the 
1,500, we em.ployed about 150. We em.ployedthem.because they were outstand-
ing graduates to begin with; we were giving them a definite incentive, they had 
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a future. We employed them with the understanding that they were to go on 
training; in this case, they went on training in our organization for two to 
three years. They had an examination every ninety days, and, if they made 
progress, they could complete their training in two years. They knew where 
r 
r 
they were going from the time they started with us; they had a fixed salary, l 
increased every six months. They knewt!latthey would be given the opportunity 
for officership at the end of the training. Between 65 and 70 percent of all 
the men we have employed are retained. They're loyal and they believe in 
the future. 
In our organization, we have discovered men who had ability but needed 
additional education. Through counseling we determined what additional 
education they needed and made arrangements with four universities for short 
courses. 200 of our outstanding men attend these courses each year. This is 
over and above the training which 6,000 take in night courses and through 
the facilities that are available to the American Institute of Banking. We 




our outstanding people. All of them are compensated while they are in school, (. 
just as if they were working on the job. 
I want to emphasize one additional point, and that is one Dr. Wynder 
made. We should establish in the next few years these outstanding fellowships 
of which he spoke. I think the ones we already have--Guggenheim, Fulbright, 
Giannini--are fine, but there should also be a few outstanding ones. The very 
outstanding one would strive to become that Benjamin Franklin Fellowship. 
Dr. Trotter: Next I llihould like to call on Dr. J. P. Nash, who is 
Director of Research for the Missiles and Space Division of Lockheed. 
Dr. Nash: I think the point that has been made by Dr. Wynder and 
Mr. Braunschweiger about education vs. training is a very important one. I 
think that the United States is the only country in the world today, and certainly 
in the history of the world, that has ever tried to give everybody an education. 
It isn't done in Russia, as Dr. Wynder pointed out; it isn't done in England; 




























in most of these other countries is to select students at the high-school 
level and educate those they think worthy of education. 
I think that our efforts in the United States are good and worthy, but 
I think we need to be careful that we don't fall into the trap of diluting the kind 
of education we give, like trying to provide, let's say, a Ph.D. for everybody. 
I would rather see us select some of our candidates more carefully and 
educate the really good ones than to try to educate everybody and then try to 
find some good ones. We're finding, as the number of Ph.Do's increases, that 
all Ph.Do's aren't good. I remember my college roommate, twenty years ago, 
saying to me, "Jac~, if you have ten cents and a Ph.D., you can get a cup of 
coffee anywhere." That was twenty years ago; it probably costs twenty-five 
cents now instea.d of ten cents! 
But we have lots of people with Ph.Do's who aren't good enough and 
who aren't broadly educated. In most of ourhighly technical businesses today, 
we need a broad education for the people who are producing the ideas. We 
find, for example, that electronics isn't done any more only by electrical 
engineers; it's done by chemists, by mathematicians, by physicists, and by 
metallurgists. When we do electronics research these days, we actually don't 
do it by having individuals in laboratories carry out the research. We have 
groups of people, and they have to be well- educated people rather than well-
trained people (they're not trained in electronics, they're not trained to build 
amplifiers). One of the problems which exists when people are not broadly 
educated is that, when they try to solve problems that they aren't capable of 
solving, they don't know enough about the broad aspects to realize that the 
approach they have taken has no chance of success. 
We have discussed a little the question of how one determines whether 
the individuals in a particular field are educated properly so that a company 
can be sure that it is getting a reasonable return on its investment. How do 
you know--when you send people to school for advanced education or when you 
hire people with advanced education- - if you are going to get the kind of return 
you want? CorlJorations--and it would be foolish to think otherwise--are 
interested in having well- educated people in order to improve their competitive 
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position. This is not easy to determine, however. I don't think it is possible to 
tell in any short period of time how well one is doing with the people one has. 
I think it takes a good many years to find out, possibly as many as five. I think 
the problem of finding how to educate your people is exactly the same as 
deciding what kind of program on which to carry out research. I remember, in 
this connection, a remark that was made quite a long time ago by the executive 
vice-president of one of the paper companies. This company had been the first, 
or among the first, to carry out research in the paper business. When he was 
asked what should be done toward establishing research organizations, his 
reply was, "For the first ten years it is extremely expensive, and, after that, 
results come slowly." I think the same thing is true in education: it is 
expensive, and the results come slowly. Ilike the idea of higher-paid scholar-
ships, as proposed by Dr. Wynder and Mr. Braunschweiger. I think that well-
paid, prestige scholarships of this kind will certainly have a great influence 
on the kind of people we attract. 
Dr. Trotter: Next, I would like to call on Dr. Richard Tanaka. He 
recently received a Ph.D. from Cal Tech and is with the Missiles and Space 
Division at Lockheed. 
Dr. Tanaka: As you noted yesterday, each panel very sensibly includes 
at least one member who has been a participant in one of the various industry-
supported graduate study plans. Presumably then, this enables the opinion of 
the "consumer" to be heard. About three or four years have elapsed since I 
was last in school; however, I have had time not only to consume but also to 
digest, and, in retrospect, the program in which I participated has agreed with 
me very well. 
Listening to the discussions of these two days, it seems to me that 
there: is no basic disagreement, at least at this conference, about the positive 
virtue of and necessity for supporting graduate study. I think that we are 
generally in agreement regarding over- all objectives. However, certain aspects 
of the implementation of industry- supported study programs may not have 


































First of all, I think we should differentiate between the research 
requirement and the course requirement in graduate study. That part of 
graduate study which consists of course work does not seem to present in-
surmountable problems, since the compatibility of part-time work and 
attendance at university courses has been fairly well demonstrated. At schools 
where the master's degree can be obtained by the completion of a series of 
courses, therefore, no fundamental problems occur. Certainly, as has been 
pointed out by others before, the requirements placed upon the man are some-
what out of the ordinary, and he must possess not only the capability but also 
a high degree of motivation in order to fulfill his obligations both to his work 
and to the university. 
However, it would appear that the main conflict of interest occurs 
when the student has to pursue a decent research topic to turn out a thesis. 
The research requirement exists at some schools at the M.S. level and, most 
certainly, is common to all universities for the Ph.D. Unless the student is 
extremely fortunate in having the right university, the right company, and the 
right thesis topic, it is very difficult for him to be able to work part-time and 
still do research for a thesis of any consequence. One is therefore led to 
conclude that, except in a very small number of instances, a full-time fellow-
ship is probably the only real solution for the thesis portion of a graduate study 
program. I have outlined this fairly obvious line of reasoning merely to 
emphasize that the question of industry support of programs in which the man 
takes time off from his work to attend courses has generally been answered 
affirm.ative1y. It is workable and exists. Hereafter, my remarks will be 
directed toward the problem of providing full-time fellowships. 
Just this morning, we heard a proposal which seems to me to present 
a very good approach toward providing an expanded full- time fellowship pro-
gram. However, the suggestions imply an adequate but long-term answer. I 
would like to address myself to the short-term problem of expanding the 
existing programs of industry- sponsored, full- time fellowships. Naturally, my 
opinions are based upon my experience with the program in which I partici-
pated- -the Howard Hughes Fellowship which was made available to me at 
Cal Tech. 
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At the time that I was on the program, the Fellowship was one which 
was administered by the Institute but one in which the funds originated with 
the Howard Hughes Aircraft Company. During the school year, I was able to 
work part-time at Hughes {approximately one day per week}. For about ten 
weeks in the summer, I worked full time. The amount of work activity did not 
interfere seriously with the school program so that, essentially, I was a 
full-time student at Cal Tech. As I indicated, the Fellowship was administered 
by the Institute and, as far as I can tell, had no strings attached from the point 
of view of either the recipient or the Institute. In addition, I understand that 
the company gave an additional amount to the school to take care of adminis-
trative expenses. 
The program, at least from the participant's point of view, is a very 
good one. The greater availability of such graduate study programs could 
meet some of the immediate requirements for an adequate industry- sponsored 
graduate study program. Therefore, I suppose the real question is why 
shouldn't more companies do this sort of thing and do it immediately? 
Let me hypothesize, for the moment, that we are now considering a 
company which has no altruistic motive s but which is willing to accept economic 
justification for expending funds to support a full-time fellowship program. 
What argument might we use? 
First of all, consider a fellowship which ranges, say, from $4,000 to 
$6,000 per year. This would represent about half the salary that this same 
individual might be making if he were working full-time for the company. In 
addition, if he were actually employed by the company, there is the overhead 
cost which is always included so that, in essence, someone on the fellowship 
program would cost the company about one-third the amount required if he 
were working full-time. We are ignoring cost-plus contracts, the tax structure, 
etc. The improvement in the man's capabilities is proceeding at a fairly rapid 
rate during the time that he is at school. After the program has been completed, 
the company will probably wish to have this student join the organization on a 
full-time basis. It is at this point, really, where the investment in, or the cost 
































then presumably the cost of the fellowship program will have been an expense 
which has been justified. If he does not, then management may ask whether 
the altruistic satisfaction of having supported someone during his graduate 
study is sufficient to offset the ledger cost of having done so. 
Now, clearly, there is no guarantee that the man will stay with the 
company, but, on the other hand, there is never a guarantee that any full-time 
employee will stay with any organization. Any person with sufficient ability 
to be involved in a Ph.D. program will be subject to pressures from the out-
side whether he is at school or whether he has completed his study and is in 
industry. 
I think that the more optimistic and, I hope, realistic approach is the 
one which follows. Supporting a Ph.D. candidate on a program which involves 
a full-time fellowship during the school year and summer employment gives 
the company access to research people of the very highest caliber. It also 
enables the company to evaluate this person during his academic career in 
the industrial environment itself during the summer. It also gives the company 
an unequaled opportunity to show the man what the company environment is 
and what the overall objectives of the company are and enables the company, 
over a span of one, two, or three years, to accomplish what most recruiting 
and employment people try to do in an hour or two. It is clear that when a man 
completes his studies, he is going to investigate the opportunities available to 
him. In general, I think that most companies try to give him an honest descrip-
tion of their activities and hope that there is some mutual interest. Since so 
many organizations are equally good in most respects, the choice made by 
the applicant is determined by factors which are difficult to predict. However, 
the company which has been directly involved in the sponsorship of the 
graduate program is clearly going to have an unrivaled advantage, as long as 
the company itself has something to offer. 
Now, much of this discussion is predicated upon three assumptions: 
(1) there is a continuing shortage of qualified workers in the advanced research 
and development areas; (Z) there exists a basic excellence in the company 
sponsoring the fellowships; (3) there is some validity to the pessimistic point 
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of view which assumes that a company is interested in supporting a program 
not for its basic merits or for the long-term benefits but only because of 
immediate self-interest. With reference to the last point, and with due 
acknowledgment of a good deal of personal bias, the immediate advantages 
in the economic area--namely, those associated with attracting and holding 
the very best research and development personnel--might alone support 
arguments in favor of a program which has most of the attributes of a 
"string-free," graduate- study support program. 
Dr. Trotter: This meeting started off Tuesday with an excellent talk 
by Dr. Terman. I think that this is now an opportunity for him to try to 
summarize the matters that we discussed yesterday as well as this morning. 
Dr. Terman: I will try to avoid grinding the same axes that I did 
yesterday morning. Looking at the situation broadly, I can say that, if this 
country is to get on with the work that needs to be done in industries related 
to science and technology, it requires more men with graduate training, that 
is, training to the master's degree level and the doctor's degree level. Training 
more people to these levels does not mean lowering standards for these 
degrees, but rather encouraging a higher proportionofthe people who have the 
necessary competence to go on for such training. 
Expansion of graduate-level programs of education costs money, both 
for the individuals who are receiving the education and for the institutions 
that are providing it. However, looking at the situation broadly, the increase 
in productivity that comes to society in return for these expenditures for more 
graduate education is not really an expenditure but rather an investment that 
pays a handsome dividend and is self-liquidating in the nation's economy. Thus, 
from the point of view of the nation as a whole, we not only can afford to 
finance more graduate education; we really can't afford not to. The problem is 
how to organize the operation in a democratic system such as ours where it 
cannot be done by executive order from the top as in Russia. 
It is important that the pressure for more graduate education does not 





























solely on numbers and end up running more people through individual schools 
than is warranted by the financial resources of each school. The quality of 
the operation will then be low. and we will be short-changing ourselves. 
There is danger that the low-quality part of the educational system will be the 
part that expands most rapidly for the very reason that it is adapted to m.ass 
production of a cheap product. In this connection. industry should realize that 
it is not paying the cost of a quality program. when it pays the tuition of the 
em.ployees it encourages to go on for graduate training. The cost of a quality 
graduate-level program. is substantially greater than the tuition fees of any 
private institution. Hence the program. is either being subsidized by the 
educational institution if the training involved is of high quality or the employer 
is getting something less than the best for his em.ployees if the institution is 
in a situation where it m.ust finance the education solely from tuition fees. 
While these remarks apply primarily to privately- supported schools. they have 
relevance to tax- supported institutions. This is because many tax- supported 
schools have attem.pted to serve the needs of nearby industry on a scale out 
of proportion to the appropriated funds which they receive from the state. with 
resulting deterioration in the quality of the educational operation. Growth 
industries which do work out a financial set-up that will make available for 
their em.ployee s high- quality educational programs are going to get ahead of 
those who do not. 
I m.ight make the observation that the need for m.ore people with high-
quality graduate education is so great that. if industry does not solve the 
financial problem.s associated with graduate education, the goverrunent is 
alm.ost certainly going to step in and do the job. The goverrunent m.ay not do 
the job as well as it could be done by industry and will require more money 
to do the sam.e job. and industry will still be paying the cost through taxes. 
As I see it. industry should approach the m.atter of graduate education 
in a way that relates what it does to the welfare of the company. perhaps not 
too narrowly but still with some degree of enlightened self- interest. A growing 
com.pany which needs an increasing number of men with high-level competence 
in science and engineering can justify supporting the full cost of an educational 
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program which will enable it to rec ruit employee s of higher ability and greater r. 
potential than would otherwise be obtainable and which enables these employees 
to get this higher potential fully developed. The economic justification is sound, 
provided that the situation is viewed broadly and the benefits to the company 
over a long period of time are taken into account. It is of course to be 
expected that some of the employees educated in this way by one company will 
end up by working for a competitor. On the other hand, if competitors are 
also carrying on similar educational programs for their employees, some of 
their men will drift back to your company, and the give and take should be 
roughly even. If everyone is helping to increase the pool of more adequately 
trained people and everyone fishes in this pool, then each should get a fair 
share of fish even though there will not be an exact one-to-one correspondence 
between the fish that one institution retains and the fish that it helped nourish. 
An important way in which a particular company can relate itself to 
education is to look at the universities in its own neighborhood and see what 
it can do to strengthen them in ways that will also serve the enlightened self-
interest of the company. If there is a good university in the area, a growth 
type of company can hardly avoid benefiting from strengthening the educational 
institution. Although it is difficult to evaluate the exact benefit in relationship 
to the dollars so expended, the return is nevertheless very real and substantial. 
In expanding the total graduate educational activity of the nation, a 










schools or at least seeing to it that they maintain their present quality and are C 
able to expand into new, growing areas of knowledge. In the case of private 
institutions, this can often take the form of direct financial help to the institu-
tion and for its graduate students. In the case of tax- supported schools, 
companies can be of great assistance in educating legislators to the economic 
importance to the state and community of strong programs in engineering and 
science. Another class of problems equally important in expanding the national 
activity in graduate education involves inducing more of the bright students 
to study for the master's degree and providing some mechanism so that those 
who then wish to go on beyond the master's degree and have the qualifications 



























among other things, that there must be adequate financial assistance available 
to support such students in a reasonable manner and that our educational 
institutions must have sufficient capacity at the master's and doctor's levels 
to do the job that is needed by the nation. 
Dr. Trotter: Now we are faced with the problem of summarizing the 
findings of this meeting. One point on which I think we all agree is the necessity 
for a democracy to develop people to their highest capabilities. We have been 
talking about the top percentage of technical manpower. We are relying on 
other parts of our educational system to educate the masses, and we need to 
develop a system whereby we give everyone having capabilities at these higher 
levels an opportunity to develop them to their fullest extent. This is a demand 
on us as managers, as educators, and, above all, as citizens of the United 
States. That is one basic thing on which we all agree. 
Getting down to the problem of cost, I'd like to propose another point. 
I guess quite a fewofyou--certainlythosein industry--have the same problem 
I have: trying to keep a bunch of controllers happy. They must be able to put 
things down in their books. They need to understand, and then reduce every-
thing to dollars. One ofthe troubles with controllers, at least in my experience, 
is that their terminology is restricted, and this narrows one's viewpoint. If 
you build a new laboratory or new manufacturing plant or buy new equipment. 
a controller always allows you to put down the item' 'maintenance." If you 
are a smart company, of course you are going for "value maintenance," i.e., 
the upgrading of your equipment, plant, etc. I've had a very sad experience in 
this connection. I live in Connecticut and commute into New York on the 
New Haven Railroad. Among other things (I will not get involved in all the 
troubles). the New Haven Railroad doesn't seem to believe in preventive 
maintenance. It thinks that it is much easier to repair the tracks that are torn 
up by a train wreck than to oil wheel bearings on a regular schedule. Those 
who have ridden this railroad know what happens when preventive maintenance 
is reduced to this point. 
Perhaps we should call the type of thing we are talking about here 
"technical maintenance: a system of education and training which upgrades 
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our technical manpower and maintains it at the highest possible level." 
Perhaps, with a term of this type, we can also get our controllers to under-
stand our viewpoint. 
It is obvious also, I think, from our discussions that we need to bring 
all groups to bear on this problem. Certainly our educational institutions 
realize that this is one of their prime responsibilities--to provide people with 
these higher educations. Certainly the state and our government and industrial 
laboratories will have to contribute ideas and support. As we discussed yester-
day and today, there are different ways in which this could be done, but I don't 
think that it would be possible, with this group and limited time, for us to come 
to a conclusion as to which is the best way. I think we can say that we recognize 
the need that must be satisfied and that there are a variety of ways pf doing 
it. As with most problems, we will have to remain flexible to meet the varying 
needs. 
With regard to Dean Terman's comments concerning government 
support of graduate education, my hope is that, with industry taking a forward 
look as shown by meetings such as this, our capitalistic system will continue 
to improve its performance. If we take the forward approach, profiting from 
discussions of this kind, we will succeed. If we do not meet these needs, then 
Federal control must be accepted. 
Dr. Nash: I think that's true. According to Dr. Terman, the forward-
looking ones are the ones that don't need government help; the government is 
likely to be asked to step in by the backward-looking ones and, in some cases, 
to pick up the difference between what companies are doing for themselves and 
what they feel they can't do. We are living in an era where we seem to be 
tending more toward socialism all the time. 
Another point is that I don't think there is any standard way in which 
to solve the problem. Mr. Braunschweiger is in the banking business; Dr. 
Wynder is in medical research; some of us are interested in science and 
engineering. The problems are different on all these cases. I think the approach 
that has to be made is going to have to be pretty much of an individual approach 
or we might have to lose the association of the people who are concerned with 
































Mr. Braunschweiger: One point that cannot be emphasized too greatly: 
industry and business need to recognize the tremendous increase in cost to 
our universities; in addition to paying tuition and other expenses that students 
have, they must recognize that industry will have to make contributions to the 
private institutions because, if it does not, the government is going to step in 
and do it. Of course this contribution to the universities must not be so great 
that industry feels privileged to tell the universities what to do. There is a 
happy medium that must be maintained, but certainly industry and business 
must use part of their earnings to support our institutions of higher education 
if we are going to accomplish the things that have been discussed at this 
meeting. 
Dr. Wynder: Of course, industry is normally short- sighted; it first 
looks at those things which brought in money yesterday and not so much at 
the things that may bring in more money years from nOw. 
Believe it or not, I have a few friends in the tobacco industry, and they 
are the research directors. Until about five or six years ago when we first 
began our studies on sm.oking and lung cancer, they were very insignificant 
people with low salaries; but, when we raised the issue, the presidents of 
these tobacco companies suddenly realized, "My God, the man in the white 
coat is probably very important and we must build up his prestige! " Perhaps 
the motivation is only to sell more products, but today the research directors 
of these tobacco companies are normally on the board of directors. They have 
perhaps two or three times the amount of salary they had when we first began 
our research. Actually, in some tobacco industries, this is done more or less 
as an advertising technique; but, in others, presidents have told me, "To us 
this is a matter of survival because, if we don't solve the problem, there may 
come a day when there is government legislation against tobacco." 
So, too often we wait until it becomes a matter of survival for our own 
company before we take some necessary steps. In other words, I don't see 
why a problem should exist. To me, it is a matter of survival for each 
industry, just as in private research my ability to solve a problem depends 
upon the quality of the people that I have. And as I have indicated before, this 
is all the more vivid to me now that I have just come back from my trip and 
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seen the work done by the Russian scientists, who, incidentally, work with 
considerably less means than we do but have a much greater devotion to their 
work. I have seen, in lecturing in Germany, the attention the professor receives 
in a class. It is almost a joy to lecture in a German university. A year ago, I 
was visiting professor at the University of Berlin and the attention and 
intelligence of the students and the respect shown to the professor were such 
that I almost felt that I wanted to stay in Berlin. So this prestige the scientist 
has in Europe, this tradition, is something we must capture here. I have on 
the staff at the Sloan-Kettering Institute a group of German chemists working 
side by side with a group of American biologists. I would say that the German 
chemists work about 50 percent more in point of time than my American 
workers, simply because this is the way they have been trained, this is the way 
they have been brought up. 
I'm not so much afraid that industry will not support the universities 
because you do realize that this is an immediate and important step that you 
must take. What I am worried about are the things that follow. What we are not 
paying enough attention to are the people who are now in elementary school and 
high school, the problem that will come up five or ten years from now. I think 
we must concentrate on this problemnowbecause, if we don't, German science 
and, more particularly, Russian science, given the systems under which they 
operate, will overtake us, simply because they have a larger and more devoted 
group of people working on it. 
What concerns me, as I remarked initially with regard to cancer 
research, is not so much the money. We are now building a new group of 
buildings at the cost of $126,000,000, and I have no doubt that we will get this 
money; in fact, we already have half of it. The problem that concerns me is 
staffing the Institute with people who are qualified to do cancer research, and 
what I cannot tolerate on my staff are average people, just as I am certain you 
can't employ an average citizen to build missiles to shoot around the moon. 
This, I think, is the crying need in our country, to get the top qualified people. 
To persuade these people, not to become president of Macy's or to manage the 
New York Yankees, but to become scientists. Now that we have a "valued 
player award" for baseball, every youngster says, "Gee, I'd like to be like 





































This is a long- range view but this is the thought that keeps recurring from my 
recent trip: if we want to survive as a nation, we must not only face the 
problems we are considering here today. but we must go much further--we 
must consider the people who will come to us in five or ten years and. if they 
are not good enough. this country may not survive. 
Dr. Tanaka: After that magnificent statement. I don't have anything 
more to contribute in that direction. But. let me refer again to a specific 
problem related to short-term implementation of a combined industry- school 
program. The group attending this conference is obviously very much in favor 
of such programs and has given some thought to them. However. in the final 
analysis. any program which is developed will not be directly achninistered by 
this group. Rather, the administration will be done by line management at the 
level directly involved with the graduate students themselves. It seems to me. 
therefore, that the people who may not have participated in the formulation of 
the program but who will be called upon to administer it must be convinced of 
the merits of such an activity. The direct beneficiaries. namely, the fellowship 
holders. will judge the industry portion of the program and the philosophy 
behind it by the impression they gain from those with whom they are in direct 
contact. Again, I am not referring to the chairman of the company's graduate 
study council but rather to the line management of the company itself. 
I have seen instances where the objectives and benefits of a well 
planned program were subverted simply because the people who administered 
the program had no real sympathy for the objectives. So it seems to me that 
another problem which must be carefully considered is the education of per-
sonnel within the company to insure that the actual administration of the 
program is properly handled. Let me be more specific about this. I am think-
ing, say, of a manager who has direct responsibility for the activities of his 
department. Let us assume that his department acquires a part-time employee 
who is going to school the rest ofthe time. If the manager finds having a part-
time employee a nuisance, this attitude clearly will be communicated to the 
student. If the manager is unable to assign suitable, stimulating. challenging 
work assignments to the student, then obviously the student will leave, either 
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immediately or as soon as his participation in the program has been completed. 
In either event, the entire reason behind and design for the industry portion 
of the graduate study program will have been to no avail. 
Dr. Trotter: Would anybody in the audience like to add something or 
ask any questions? 
Mr. Willard: What Dr. Tanaka just brought out here raises, I think, a 
point we haven't explored as much as we should. The scientists themselves 
know that scientific knowledge is needed. The university knows that the problem 
exists; but the people who are making the decisions are the presidents and the 
managers. There is one encouraging thing and that is that the management in 
some companies (not nearly enough so in ours but at least it does to some 
degree) recognizes that the advancement that can take place consists not only 
of moving up in levels of management but also of moving into levels of 
individual contribution. 
I think Standard Oil of California made a very fine step forward in 
establishing a salary scale for the scientists that is being copied by some 
other companies. The man doesn't actually have to be a scientist; he may be 
an individual contributor, a man who is not managing other people. He now 
has a chance to advance up to $2.5,000 or $30,000 a year, where previously the 
only possible advancement for him was to move into a supervisory job 
managing other people thereby losing him as an individual contributor. I think 
this is a thought we must get over to our top people. 
General Putt: My comments are made partly in jest and partly in 
seriousness. We are here dealing with problems of higher education and 
Dr. Trotter has somewhat in jest mentioned the problem of controllers. I 
think that this is a more general, more serious problem than we sometimes 
give it credit for being. Perhaps the International Science Foundation, through 
the American Management Association and the Controllers' Association of 
America, or whatever they call their trade union, could spark a little higher 
























Dr. Wahlquist: Listening to these comments, I'd like to suggest that 
the next time we have a conference, we had better invite some regents, 
trustees, members of boards of education, legislators, etc., if we are going 
to solve this problem. They are the people who determine the policies. 
Mr. Sears: If I understand Dr. Nash's remarks about the education 
of graduate students, he points out that, without breadth of scope, they are 
frequently defeated by the very limits of their own abilities when they 
attack a problem. Dr. Wynder made the point that we are suddenly discovering 
a new utilitarian value for scientists who formerly were wandering in the 
great oasis of pure re search and now suddenly find that they have a commercial 
value. May I suggest that the hostility that the United States faces is not only 
in the field of science, but science gripped by hostile ideas? May I suggest o that we prepare ourselves for the struggle for the ideas of man? This means 
social science, this means political science. In short, our scientists who are 
struggling with electrons have to understand the broader picture of what our 
real objectives are, why science is being harnessed for the free world, why 
free ideas must emerge. This is the responsibility of management. It seems 
to me that, if top management sets the practice of enlisting broad consultation 
from disciplines other than the physical sciences, perhaps we will have a 
truly broad- range team that will indeed strengthen us in the way you suggest, 
Dr. Wynder. 
Dr. English: A lot of attention has been directed to the problem of [J the economics involved in these questions, and I think it seems to be fairly 
well agreed that any money spent in higher education, specifically at the 
doctoral level, is a good investment. There is a pay-off from this to three 
parties. The man himself is undoubtedly going to increase his value not only 
monetarily to himself but in less material ways as well. The company that is 
supporting him can expect to receive a dividend or return on its investment 
in him, and society in general can anticipate a return. 
With regard to the question of how to finance these graduate study 
programs, it might very well be that some sort of a joint-venture financing 
could be worked out whereby the man himself contributed to some degree, 
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along with the company through some sort of government loan. I think we 
must not lose sight of the magnitude of the dollars that we are talking about. 
Mr. Carroll: I was very much interested in a comment that was made 
by our friend from San Jose State about the necessity of getting the responsible 
people into the picture, Le., the boards of regents, the trustees, etc. (As a 
member of the board of education in a Connecticut town, I'm a fellow commuter 
on the New Haven Railroad!) I am amazed to find how difficult it is to get 
really important people, people who consider themselves important, to serve 
on boards of education andboardsoftrustees--inother words, to give the time 
and the effort and the thought that is needed to do the job. It would be very good 
if we could get responsible people into the picture. 
I'm somewhat amused at the comments about controllers. In a couple 
of weeks, inSanFrancisco, the Controllers' Institute of America will be holding 
its annual conference. I happen to know this because I am on the program and 
I think the program chairman of the conference is the controller at Stanford 
University. So I should think that Dr. Terman could work out something along 
the lines of what you suggested even on a last- minute basis! Speaking of 
controllers, I am rather amazed at the power they seem to have over the 
presidents of companies. Perhaps our companies are conducted more demo-
cratically than I had thought. 
Seriously though, I want to refer to a point made by Mr. Braunschweiger 
with regard to the Bank of America and also by our friend from IBM yesterday. 
We must get rid of the idea that this is "charity" on the part of corporations, 
that a man who is being trained or educated isn't doing a job for the company 
while he is studying. There isn't any charity in it at all. Of course there is the 
chance that the man may leave the company after it has made this investment 
in him, but this is a chance you take with everyone including the president, 
who might be wooed away to another company. 
The last comment I would like to make is on one of Dr. Wynder's 
points. This is an item of professional responsibility for me. I certainly agree 






































stand out above all others. I do think, however, that we should point out in all 
fairness that the fellowship level has increased over the last few years and 
that the great foundations, such as the Guggenheim, for example, have elevated 
the level of their fellowships very substantially. It is true that universities 
which received grants or bequests from people twenty-five to fifty years ago 
are offering awards which are ridiculously low in the face of the inflationary 
situation. However, even the foundations like the Guggenheim have not raised 
fellowships to the level where a man's income is comparable to what he would 
be receiving as an employee of Lockheed. 
Dr. Keene: I'd just like to make one point. If a corporation loses too 
many of its employees after investing in their education, this is a good reason 
for the corporation to check on itself. 
Mr. Braunschweiger: I believe that business and industry should be 
big enough to recognize that, if they give their people a higher education, 
industry is going to benefit by it. Ithink there is no better example of this than 
International Business Machines Corporation. 
Mr. Miller: I question whether I should speak up at all after this, but 
I do want to pick up a couple of points that have been made! We have about 
one hundred people in school across the country studying for the doctorate 
and the master's. They are full-time students at full pay with all expenses 
paid. We don't, however, pick up every little tab; the student buys his own 
textbooks and things like that. But this is his job assignment. 
In setting up this program, we recognized that these people would be 
"out in the world" and exposed to research and development activities in 
other concerns and that they might well be attracted to these other concerns. 
We felt that this was an excellent barometer with regard to the quality of work 
that was going on inside our own organization. If the students didn't come back 
to us, we didn't have a very good laboratory. 
I'd also like to pick up the point that Dr. Tanaka made regarding the 
scientist-manager or the engineer-manager of a program or project who has 
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been charged with the responsibility of coming up with a particular product 
or design. This manager feels he faces, inpermitting someone to go to school 
either part-time or full-time, a loss of talent necessary to produce what he 
is being held responsible for. These managers definitely need to have a selling 
job done on them by top management; otherwise they will actually buck a 
program of education and development. 
Mr. Knotts: This last point is very important because a manager's 
first responsibility is to get the job done. All the more reason why these 
programs should not be charged to the operating costs of individual managers 
or divisions. They are programs which are in effect a corporate investment; 
by corporate policy they should be managed and financed entirely outside 
the scope of business operating expense. But this does not mean that we 
should not constantly educate our top management and our first-line manage-
ment with respect to the advantages of having these people work for us and 
that we should not exploit these young people to the maximum that we can 
while they are working. It is only in this way that these young people will 
grow professionally as rapidly as the opportunity presents. 
Dean Vivell: I'd like to point out to you that we still educate naval 
officers entirely at our own expense to the tune of about $1,500 a year. We 
are not amateurs in this business; we also have all the problems that you 
have discussed. The Bureau of Personnel picks up the tab for this but we have 
the problem of getting enough money out of them also. And if there were any 
simple answers, we'd be able to tell you! 
Dr. Trotter: I think it is about time for this Forum to close and I 
think this is an excellent note on which to end these important discussions: 
we have found no simple answers! 
Mr. de Guigne: Thank you, Dr. Trotter. I now have the pleasure of 
introducing Allan Wright of the General Electric Company who will sum up for 




































Mr. Wright: I think it is easy to say that the conference has been a 
great success. My personal joke book has been improved very considerably l 
The problem of summing up is--to me at least--an extremely difficult 
one, particularly considering the job done by Dr. Trotter and his panel this 
morning. They very effectively brought together many of the loose ends of the 
previous days. I am certainly reminded of the story told during the last 
Brainpower Form of the sultan who entered his harem with a great air of 
perplexity. He knew what he had to do but didn't know where to start l And 
this, indeed, is my problem this morning. 
I cannot possibly effectively summarize the actual statements that 
were made by each individual and the many very good ideas that were 
presented. What I can try to do is present a frame of reference into which we 
might put some of these ideas and hope to carry them away with us. There is 
always a danger in trying to summarize and measure something like a con-
ference. The Heisenberg Principle, I think, applies in that you may destroy 
what you are trying to measure. There is also, of course, the problem of 
personal bias. I am personally involved in the problems that we have discussed, 
and this morning I assume that my own ideas will tend to show up. I apologize 
for them beforehand. 
It seems to me that one of the perspectives we can create for ourselves 
here is to look at the progression of the three Brainpower Forums, which 
Admiral Stone effectively discussed at the opening session. The first forum 
conference talked about the need for scientific talent. In fact, the program for 
that session indicated, I think, a consciousness back in 1956 of the great 
national flap over the need for scientists. "We must immediately produce 
10,000 new ones a year" and similar slogans appeared. It was brought out at 
that conference that we quite possibly have improper utilization--throughout 
industry, government, and perhaps even in universities--of scientific talent. 
The second conference devoted itself to a number of very fine ideas regarding 
the utilization of senior or retired people. Again, industry, government, the 
military, and, of course, universities participated. 
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This conference started out at least with the intention of discussing 
the place, philosophy, and organization of graduate studies. Someone had the 
wisdom tousethe expression "graduate studies" soas to avoid the controversy 
of training vs. education; the word "study," I think, encompasses the two. 
I feel that another way of looking at this particular conference is 
to discuss it from the point of view of the individual. This point of view was 
not necessarily selected in the presentations, but I'd like to give it a try. We 
talked or inquired about something called self- realization or self- fulfillment 
of the individual, referring to, shall we say, the national consciousness or 
democratic spirit in our country. The quest of knowledge that Ben Lange 
brought out is an example. 
Individual differences were cited. Dr. O'Neill in particular made a 
point of this fact which I thought was quite valuable. Whenever we talk about 
a program, we must not only talk about the formal procedures but must also 
keep in mind the individual differences that may occur. Unfortunately, not 
everybody is qualified for higher education. This is true whether we have a 
local, decentralized kind of program or a national, corporate structure pro-
gram. We talked about the selectionprocesstoo, and we heard about the overall 
necessity for somehow bringing to the front those who would be capable of 
higher education or graduate study. The problem of how to select did not get 
tackled, at least in a direct manner. Utilization or placement of the man was 
discussed. Dr. Keene, I know, was one of the first to use the term in our 
conference. But utilization is akin, in my mind, to the problem of selection 
for development, again the long- range view. 
Education vs. training came up. Dr. Shamis, Dr. Pickering, Admiral 
Singleton, all made points on this business of training vs. education. It is 
something of a semantic battle, but it seems that there was general agreement 
that, when we use the term "education," we imply the broadly based training 
or broadly based acquisition of knowledge for the long haul- -the person who is 
trained in how to study or methods of study or depth of analysis. Training 
somehow has a bit more specialized connotation. When training in industry or 
training in the universities mentioned, specialized areas are generally 
referenced, particularly technical ones. The expression "lifelong education" 


































Dr. O'Neill cited and talked about the program of "adult study." It 
seems to me that one of the most important questions brought out was the real 
goal of industry. Are we looking (I say "we," because I am a member of 
industry) to the universities for training, or are we looking for education, or 
for both? The question of support arises for whichever goal it is. I would hate 
to attempt in a few words to resolve those questions, but it seems that there 
was some indication--and the Evaluation Committee has a remark on this--that 
the universities should continue (as Dr. Terman keynoted) to be concerned with 
education as broad, long-term training of people's minds and that industry 
should be concerned with training for the specific case. A course in advanced 
semiconductors to do such and such is the responsibility of industry. Now, of 
course, industry may turn to the universities for help in teaching that course 
and, in fact, to direct a program in this field. But the two goals are quite 
distinct. 
Dr. Terman felt quite strongly (and I know from my experience with the 
Honors Cooperative Program at Stanford that, on the administration side at 
least, Stanford is quite firm about this) that education is a total life experience 
that must be lived in residence on campus in the ideal case. This position is 
one that must be considered by industry, which does not in general find it 
convenient because of controllers or others. 
We have the general problem of semantics involved in what I have 
chosen to call "philosophy." We talk about the Ph.D. degree, the root of which 
is, of course, the doctor of philosophy. But when we talk about higher education, 
particularly at the Ph.D. level, we are frequently talking, it seems to me, 
about the philosophic ability to tackle new subjects and to be so prepared, in 
the sense of self- realization. Again, this is why I think that individuals are 
involved in this whole process about which we are speaking. In this connection, 
Professor Meriam and Don Miller commented that the people with the Ph.D. 
are the ones on whom you build the broadest programs. I think Dr. Keene's 
expression, "ideational ability," is what you would buy in the Ph.D. There is 
the related idea of sustained creativity; Mr. Rosen brought that out and I feel 
it is true that such ideation should be devoted to sustained creativity. 
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The question of whether we have artificial goals and degrees for their 
own sake was mentioned by Joe Cryden. Again, this was a good point; some of 
us are perhaps a little more sensitive to this one than others. Are we possibly 
looking for degrees as such rather than for the knowledge that they hopefully 
represent? Of course, Joe was speaking about the middle of the curve because 
degrees generally do indicate knowledge. I think we must be careful not to 
focus on degrees for their own sake as "coin of the realm." Degrees, when 
one gets ready to change companies, are extremely important because it's very 
difficult to sell another company on your resume' alone for the simple reason 
that, while you may be very experienced and very well trained (in the strict use 
of the word), this is very difficult to prove other than by being hired by the 
other company. Degrees are important. 
I think another way to take an overall look at our conference is to talk 
about the environment in which we place the individuals for their study. Oscar 
Simpson of Philco made this point and it was not particularly discussed, but I 
frankly feel that it's quite important. As Mr. Simpson asked, "Are the 
scientists creating the environment, or is the environment creating the 
scientist?" Certainly there is no clear answer, but I think the environment 
must be considered when we place emphasis on graduate education. The 
problem of related job assignments, for example, comes under this subject of 
environment. Are we properly providing complementary work assignments 









Taking the total point of view, we had a number of excellent discussions L 
on what is now, or what the present programs are in industry. Dr. Terman 
summarized very nicely from the university point of view. Dr. Warfield gave 
an excellent and scholarly documentation of the programs, particularly with 
respect to dollars, fellowships, and allocations by various categories. Larry 
Walker of General Electric talked about General Electric's program, and I'm 
certainly pleased that it came under discussion in various ways. In particular, 
he made the point that in our company, under the present organizational 
decentralization, we have high variability and a good deal of local option; our 
position in Palo Alto, for example, with respect to Stanford is quite different 


















Don Miller of IBM summarized the very excellent program they have there, 
both in the local and national sense, and this morning Bob Knotts gave us 
General Craigie's views both with regard to the Air Force and American 
Machine and Foundry. All these people gave particular comments on what is 
done. What should be didn't receive, I think, as much attention, and I'm not 
sure that it should have for the simple reason that we could spend today and 
probably tomorrow in subcommittee to discuss specific problems. 
We certainly find variations in--and I'll select Dr. Terman as the 
expert here--the full-time programs. A good deal of comment was made 
concerning the fact that during the dissertation period there should be full-
time residence. Dr. Pickering spoke about the question of debt. Is there 
really a debt to the company or foundation that sponsored the student? The 
question is indeed a good one and remained unanswered. 
Mr. Miller, again, spoke about IBM's concept that education is work 
and that it is a work assignment to go to an institution (having been properly 
selected by some process which is not discussed). The cooperative programs 
came in for much discussion and apparently are very popular in various areas 
of the country: work for a year, study for a year, or study for nine months, 
work for three, and so on. And I believe it was Dr. O'Neill who made the point 
that learning ~ take place off campus. I think that the wording somehow 
sounds sharper as I use it than in the context in which Dr. O'Neill said it. 
But the point is that some aspects of education probably can be carried on off 
campus. A third general category is the truly part-time situation in which 
students take courses for a few hours a day, study in the evening, and work 
either a full or almost full day for industry. Several of the student representa-
tives mentioned their pleasure with that system. Perhaps it's because they 
themselves have that experience. 
Dr. Tanaka made a very good point this morning regarding the 
importance of job selling. I happen to be an advocate of this point of view, and, 
while it has certain crass marketing expressions, it is true that we are in the 
business of marketing jobs. And it's true whether you're in the operating line 
of management, in the staff function of employee and public relations, or 
whatever you happen to call it. You do have to establish jobs that are pleasing 
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in and of themselves; Don Miller mentioned the measure of this fact of 
research effectiveness. "How many come back after you've thrown them into 
the pool?" to use your expression, Dr. Terman. 
Another aspect that came up is what I call' 'for whom the bell tolls;" 
150/0,5%,3%, etc. were figures that were used. We are back to the point I made 
earlier on selection process. We could devote, I am sure, many hours more 
(which we do not have) to the question of selection- -how to determine or how 
to identify those who are capable of receiving higher education? The measures 
we are discussing bear fruit ten years in the future, particularly when we look 
at them from the controllers' point of view; by the nature of their work, 
controllers discuss the dollars of investment, howto depreciate the investment, 
how to claim it on the tax structure, how in general to treat it from the 
economic or accounting point of view. 
I thought that a very good point was made, almost a summary point, by 
both General Schomburg and Mr. Miller, that we are in the business of 
developing people. We may specifically be in computers, missiles, or some 
other given field, but, like the universities, we are in the business of developing 
people. By the way, I thought "university" was well defined: its function is to 
create information, to disseminate or transfer it, and to store it. 
Reading the objectives ofthe conference, it would seem that we deviated 
slightly from announced objectives 1, 2, 3, and 4. However, it appears to me 
that this is not important since they were preliminary planning goals. It would 
be unfortunate if the conference had been so tightly structured that good ideas 
on other aspects could not have come out. 
The Evaluation Committee appointed by Mr. de Guigne consists of 
Admiral Spruance as Chairman; Mr. Mello, Vice-Chairman; myself, as the 
recording secretary; Robert Knotts; Dr. Warfield; Dr. Parden; Dr. Trotter; 
Dr. O'Neill; and Dr. Keene. We have come up with the following tentative 
recommendations to and for the Governors of the International Science 
Foundation. We have not had time--and my apologies--to put them in final 

































1. Universities should continue their present emphasis on broad education; 
the temptation to teach the scientific specialtie s of today should be 
resisted. Industry and government should recognize their responsibility 
for specific training; this job-focused need may be met by in-house courses 
taught by in-house competence, by university faculty on retainer agree-
ments, or by returning employees to universities for specific courses 
and/or further education under a variety of programs. 
2. It is desirable that education be pursued in a full-time, in- residence 
manner especially during the doctoral work and dissertation. Industry, 
government, and universities should work harder to accom.plish such a 
goal, commensurate with industry's and government's short-term needs. 
3. The whole question of university support should be examined more 
intensively, particularly with respect to private vs.public support and the 
implications of each. 
4. Universities, industry, and government need to be more concerned with the 
proper foundation of investment in education; more vigorous definitions 
in terms of finance and accountancy are needed (better orientation for 
those concerned with financial decisions may be part of the problem). 
5. On an experimental basis, the International Science Foundation should 
form an advisory graduate study and training council in some test area, 
such as Santa Clara County. The work of the council would be to: 
a} aid and counsel sm.aller industries who have a need for graduate study 
programs but who lack guidance in the matter; 
b) interact with universities and colleges in the area, making known 
industry's needs and helping to match programs with needs; 
c) cooperate and interact with the Relations with Industry Committee of 
the American Society for Engineering Education where the activities 
of the two groups overlap. 
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6. The amount of every grant or fellowship should be raised to take account 
of today's costs and to reflect the higher proportion of married students. 
The status of fellowships should be raised so that competition and pride 
can be increased motivation factors. 
7. Too much emphasis should not be placed on technical education alone. 
Even in our scientific world, decision makers need a broader framework 
for their decisions. 
This, then, concludes the recommendations of your Committee and my 
summary comments. 
Mr. de Guigne: Thank you, Allan, for a very excellent summary. 
This is the end of our meeting, and r want to thank each and everyone of 
you for coming and for contributing so much to its success. Also, at this time, 
r wish to thank our sponsors and, in particular, the U.S. Naval Postgraduate 
School which supplied the excellent facilities for this meeting. 
r hope we will all meet again before too long, and--to those who are going 
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THE INTERNATIONAL SCIENCE FOUNDATION 
Christian de Guigne, Chairman, Board of Governors 
In 1953, with the assistance of the California Academy of Sciences and 
the endorsement of the National Academy of Sciences-National Research 
Council. the Cooperative Research Institute established an experimental inter-
national science center in Golden Gate Park to aid in the development of our 
own scientific resources and those of our colleagues overseas. The Center 
became a focal point for engineers and scientists visiting the Bay Area and 
developed activities which have given local professional personnel increased 
opportunities for exchanging ideas with scientists from other countries. 
In 1954, when the work of the experimental San Francisco Bay Area 
International Science Center had begun to receive the recognition of organiza-
tions in other parts of the United States and abroad. it was proposed that a 
new foundation be organized for the purpose of sponsoring not only the opera-
tion of the San Francisco Center but also for undertaking the establishment and 
operation of similar centers in other metropolitan areas. In order to provide 
an effective method for stimulating the development ofthe scientific resources 
of these areas, it was recommended that the new foundation's membership 
structure be carefully tailored to integrate the cooperative efforts of academies 
of science. research councils, scientific and engineering societies, colleges and 
universities. government agencies. museums, foundations, research institutes, 
industrial laboratories, banks, corporations. associations, and individuals. 
Accordingly. a group of members of the Cooperative Research Institute 
established the International Science Foundation as a non-profit corporation 
with international headquarters in San Francisco. 
The program of the International Science Foundation depends upon three 
types of activity for its effectiveness: 
1. Establishment and operation of science centers in metropolitan 
areas capable of supporting their programs. As additional centers have been 






























functioned as clearinghouses to aid visiting sci En tists and engineers in ex-
changing ideas and developing professional cooperation with their colleagues 
in local industrial laboratories, universities, re search institutes, and other 
organizations. Each center develops a program to me et local needs. !SF's 
ultimate objective is to have each center housed in its own buildings, providing 
facilities which may be used by all !SF members for offices, meetings, and 
other activities. The first international science center designed to provide 
complete facilities to !SF members was established in Sunnyvale, California, 
in 1959, by International Science Center Associates. The service facilities in 
this 130-acre planned community for research and development groups are 
being developed by a group of corporate and participating members of the 
International Science Foundation. 
2. Strengthening the mechanism of exchange between all scientists and 
engineers. The International Science Foundation believes that emphasis should 
be placed on improving the quality of scientificand engineering manpower and 
on increasing the productivity of our existing manpower resources. Visiting 
engineers and scientists bring new ideas into laboratories and stimulate our 
research staffs. !SF promotes world trade in ideas through its center pro-
grams, through travel grants, exchange of publications and information, and 
by special projects such as the publication of inventories of the scientific 
resources of the areas served by !SF centers. 
3. Development of cooperative projects between members of the 
Foundation. The cooperative projects that have been developed during the past 
five years are projects in which each !SF member provides personnel and a 
portion of the required funds or material for the work. The International 
Science Foundation also sponsors a Brainpower Forum conference series 
which functions as an industry- education- government forum in the area of 
scientific manpower. 
The program of the International Science Foundation takes on new 
importance in view of the recent cold war developments which are ushering in 
an era of worldwide, open competition between democratic and conununist 
systems. The Foundation depends upon corporate support for its effectiveness 
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and, in turn, gives American business and industrial interests an opportunity 
to make direct contact with !SF member institutions in other countries and 
participate in cooperative projects which are mutually beneficial. !SF's 
corporate members are in a strategic position to demonstrate some of the 
advantages of our free enterprise system to scientists representing these 
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San Francisco Summer 1961 
$65 Million International Science Center Proposed for San Francisco 
The Board of Governors of the International Science Foundation has recently 
proposed to th San Francisco Port Authority that a $65,000,000 International 
Science Center be developed on the San Francisco Embarcadero. The area pres-
ently occupied by Piers I , 3, 5, and 7 would be redeveloped by the Foundation 
if the proposal is accepted by the Port Authority. The Center would become tile 
first element of Cyril Magnin's "Embarcadero City" plan for redevelopment of 
the waterfront. 
The proposed San Francisco Center would be the second in a series of pilot 
centers which are being sponsored by the Foundation as a result of the Brain-
power Forum conferences at the U.S. Naval Postgraduate School. The Brainpower 
Forum was established sf'veral years a~o as an industry-education-government 
forum which had the objective of developing policy on common problems in the 
area of scientific manpower. A ] 956' conference served to highlight the fact that 
the utilization of scientific manpower is sometimes adversely affected by in-
adequate service facilities. At the close of the conference, the Forum participants 
recommended that the International Science Foundation initiate a program to 
evolve several experimental science centers that would contain services to ensure 
maximum productiVity of the scientists and engineers utilizing the facilities of 
these centers. It is hoped that these prototype centers will establish pattems for 
technolOl!ical facilities which will be repeated throul!hout the world. 
Unlike New York's center, which houses only f'ngineering societies, the Center 
proposed for San Francisco would contain facilities for the technical meetings, 
seminars, and conferences of a wide variety of organizations representing all 
scientific disciplines It would provide facilities to San Francisco sections of 
national engineering and scientific' societies and would, in addition, house many 
types of administrative-professional activity. Space would be available to over-
seas scientific organizations, intemational engineering firms, and consulting engi-
neers. Service facilities would be provided for these interests. An engineers' club, 
a technical library, a reception center for visiting scientists, and conference facil-
ities would be included in the Center. 
On October 4, 1960, a Board of Govemors' committee was appointed to ex-
pedite the planning for the project, which would be the first of its kind established 
in any metropolitan area. Nathaniel Owings was named Chairman, and Christian 
de Guigne, Donald H. McLaughlin, J. F. Sullivan, Jr., and R. L. Champion were 
named members of the committee. A program for the Center development has 
been evolved, and the firm of Skidmore, Owings and MerrilI has prepared the 
preliminary plans for the project. 
The proposed Intemational Science Center would give the San FranCISCo Bay 
Area a unique cultural center on the 14.7-acre site. A feature of the imaginative 
design is that all buildings except those on the extreme northem and southem 
ends of the property would be set back at least 200 feet from the Embarcadero 
freeway, thus avoiding visual conflict with the freeway and maintaining vistas 
from the Embarcadero level and from the fre("way itself. 
With the exception of the office tower, all buildings would be lower than the 
Embarcadero freeway so that they would not block the view of the Bay from 
either the city or the freeway. The tower would be 90 feet square and 240 feet 
high. It would be 1,000 feet from the nearest apartment tower proposed for the 
Golden Gateway and would be protected by 600 feet of low-rise development 
on all sides. The low-rise buildings would not only be set back from the freeway 
but would be raised above the plaza level on columns, thus permitting a view of 
the Bay under the freeway and under the buildings from the ground level. The 
plazas would extend down to the water, and promenades along the waterfront 
would be provided. 
The total arca of the Science Center buildings would be 1,212,500 square feet. 
The Intemational Science Center auditorium would seat approximately 4,000 
people, and parking for 900 cars would be provided below the plaza level. A 
small hotel of 200 rooms would be constructed primarily for use by visiting 
scientists and engineers. There would be a small commercial area of 30,000 square 
feet to house service-type shops for the convenience of Science Center personnel 
and visitors. 
Christian de Guigne, Chairman of ISF's Board of Govemors, stated in 
describing the proposal: "The design of the Intemational Science Center rec-
ognizes the fact that a development of this kind would have great significance 
to the overall use of the waterfront by the people of San Francisco and the State 
of Califomia. In addition tu creating a much needed community center for 
scientific and professional activities, the project can initiate the civic utilization 
of the waterfront north of the Ferry Building in accordance with the Magnin 
master plan for redevelopment of the area which has been developed by arch-
itects Emest Bam and John S. BoIles." 
A ware of the potential benefits that new research activities can bl;ng to th, 
Philippines, the National Science Development Board, one of the participatin! 
members of the International Science Foundation, has established a "Scienc' 
Community" for scientists, engineers, and supporting technical personnel whid 
will provide service facilities in the Brainpower Forum pattern. 
The research center will provide Filipino scientists with the creative atmos 
phere necessary to stimulate research efforts presently under way in universities 
industrial laboratories, and government agencies. Laboratory facilities will bl 
made available not only to government scientists but also to any qualifiec 
researcher in thc fields of agriculture, biology, chemistry, engineering, math 
ematics and physics, medicine, mineralogy, and the social sciences who wishe, 
to take up residence in the Community. Four research laboratories, an admin 
istration building, a science hall, and an auditorium are planned for the initia 
complex. 
Brainpower Forum 
The International Science Foundation has tentativelv scheduled two mon 
conferences in its Brainpower Forum series at the U. S. Naval Postgraduatt 
School. In October, 1961, conference participants will consider new opportunitie: 
for industry participation in technological development programs. 
There will be a conference in October, ] 962 which will bring together repre· 
sentatives of industry, education, and government to discuss the problems 01 
planning educational and research facilities for maximum brainpower productivity 
It is expected that a large number of ISF's overseas members will participat~ 
... in the 1962 conference. 
One of the features of the conference will be a discussion of the programs no\\ 
under way in the Foundation's first experimental Science Center in Santa Clar-
• County. ISF members who are developing this 130-acre planned community fOl 
research and development groups will present reports on their projects. 
, 
International Science Fair 
Representatives of members of the International Science Foundation in seven 
countries are now working on long-range plans for the development of an 
International Science Fair which can be established within three vears. The 
Board of Governors is convinced that this project could play an important role 
in strengthening relationships between engineers and scientists throughout the 
world and has invited all Foundation members to submit ideas. 
The Fair is envisioned as a permanent, ship-based exhibition which will be 
sponsored by all membership categories of the Foundation. Its permanent base 
would be San Francisco, but the ship would exhibit each year in major ports 
around the world. An International Science Foundation member in each country 
participating in the program would be selected to serve as host organization when 
the Fair exhibits in an overseas port. 
Fair exhibits are to be furnished by ISF members representing industry, 
education, and government in the participating countries. In addition to these 
exhibits, there would be a student section where space would be made available 
to science teachers' associations and other organizations sponsoring student science 





Plan of the International Science Foundation's proposed International Science 
Center on the San Francisco Embarcadero. The Ferry Building appears at the 
left of the drawing. 
Development Plan for San Francisco Center 
Phase I development of the new Center would include 18,000 sq. ft. of space 
for liaison offices of ISF members; 40,000 sq. ft. for the Cosmos Club; and a 6,000 
sq. ft. library and reception center for visiting scientists. Initially, there would 
be 100,000 sq. ft. of office space for the San Francisco Bay Area sections of 
engineering and scientific societies, service facilities ( translation, mailing, mimeo-
graphing, telephone answering, etc. ) , intemational engineering firms, technical 
publishers, engineers, architects, and consultants. 
Phase II development of the Center would include 400,000 sq. ft. of additional 
office space for intemational engineering firms and other members of the 
FOlll1dation; 50,000 sq. ft. for consulates; a medical and dental clinic; computer 
center; data processing facility; and commercial facilities such as a health club 
and pool, bank, travel agency, barber shop, dmg store, men's shop, restaurant, 
pub, bookstore, and gift shops. 
In the third phase of development, a 54,000 sq. ft. auditorium, 100,000 sq. 
ft. conference center, 16,500 sq. ft. exhibit hall, and a hotel and restaurant would 
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Plan of the International Science Foundation's proposed International Science 
Center on the San Francisco Embarcadero. The Ferry Building appears at the 
left of the drawing. 
Development Plan for San Francisco Center 
Phase I development of the new Center would include 18,000 sq. ft . of space 
for liaison offices of ISF members; 40,000 sq. ft. for the Cosmos Club; and a 6,000 
sq. ft. library and reception center for visiting scientists. Initially, there would 
be 100,000 sq. ft. of office space for the' San Francisco Bay Area sections of 
engineering and scientific societies, service facilities ( translation, mailing, mimeo-
graphing, telephone answering, etc. ), intemational engineering firms, technical 
publishers, engineers, architects, and consultants. 
Phase II development of the Center would include 400,000 sq. ft. of additional 
office space for international engineering firms and other members of the 
Foundation; 50,000 sq. ft . for consulates; a medical and dental clinic; computer 
center; data processing facility; and commercial facilities such as a health club 
and pool, bank, travel agency, barber shop, drug store, men's shop, restaurant, 
pub, bookstore, and gift shops. 
In the third phase of development, a 54,000 sq. ft. auditorium, 100,000 sq. 
ft. conference center, 16,500 sq. ft. exhibit hall, and a hotel and restaurant would 
be added to complete the Center complex. 
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